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SUMMARY
An experimental investigation has been made into the spectral 
emission of carbon dioxide, carbon monoxide and mixtures of these gases.
The wavelength regions investigated were 2,1 to 3«2 microns and 3®9 to
3,0 microns- Temperature and pressure ranges were respectively 300 to 
900°c and 39 k to 700 kPa.
A static gas sample was held under isothermal conditions in a metal 
test cell fitted with infra-red transmitting windows. The test cell was 
located inside a water-cooled pressure vessel filled with dry nitrogen 
that was automatically maintained at the same pressure as the test gas. 
Emitted radiation from the hot gas passed through a window in the pressure 
vessel and was measured by a reflection-type grating spectrometer. The 
signal from the detector was amplified and fed to the recording equipment.
The test cell was of a novel design that allowed complete calibration 
to be made for each emissivity measurement- This is an inherent improve­
ment in measurement technique over other methods used by other workers.
In this way, only variations in the system that occurred during tie measure­
ment were significant.
Spectral emissivities were computed from ratios of relative ......Issive
powers obtained from the test, cell. Corrections were applied tc 
for temperature fluctuations during a measurement.
Spectral emissivity data are presented and these are comparée with 
published experimental data.
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2.0 Introduction
There are three mechanisms by which heat is transferred to, within or 
from a body, namely conduction, convection and radiation. Conduction and 
convection depend upon respectively, vibratioÆl and translational motion of 
atoms or molecules, whereas radiation depends on atoms and molecules coupling 
into an electromagnetic field. Conduction and convection require continuous 
matter between the hot and cold regions and the driving force for the energy 
transfer is the temperature difference between the regions. In contrast, 
radiation is most efficient in a vacuum and can only occur in transparent 
substances (most gases and liquids), the driving force being a function of 
the absolute temperatures of the hot «and cold regions.
This report is concerned with radiation heat transfer in gases; 
carbon monoxide and carbon dioxide in particular. The gas property investi­
gated is spectral emissivity, but before this is defined it is necessary to 
introduce some general radiation terms.
Throughout the report, the term radiation will be used to describe the 
electromagnetic energy emitted by a thermally excited body due solely to the 
absolute temperature of that,body. The rate at which a body emits radiation 
is termed the emissive power. The fraction of the incident radiation on à 
body that is absorbed by it is termed the absorptivity, the fraction reflected 
is termed the reflectivity, and the fraction transmitted through it, the 
transmissivity. A body that absorbs all the radial ion falling on it is 
called a blackbody, because its reflectivity is zero.
Kirchhoff's law states that at thermal equilibrium, the ratio of the 
emissive power to the absorptivity is the same for all bodies. This implies 
an upper limit to the emissive power of a body, occurring when the absorptivity 
is unity that is, for a blackbody. A blackbody is therefore both a perfect 
radiator and a perfect absorber.
Electromagnetic radiation is characterised by amplitude and frequency, • 
the frequency of which can vary over an infinite positive range of values.
When considering the sum for all frequencies of any radiation property the 
term total is used. Spectral values refer to one particular frequency, but 
in practice this is almost impossible to achieve, and terra refers to an 
incremental band of frequencies on either side of the given frequency. The 
previous discussion is applicable to both spectral and total values. The 
reciprocal of frequency - in the context of radiation - is wavelength and the
\
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two terms are used in.the report. A band property is defined as the 
property for all frequencies (or wavelengths) within the given frequency 
(wavelength) band.
Spectral emissivity of a gas may now be defined as: the ratio of the
emissive power of the gas to the emissive power of a blackbody at the given 
wavelength and for the same temperature. The maximum spectral emissivity 
value is therefore unity, and under these conditions the gas is said to 
be(spectrally) black.
Only the absolute temperature and spectral emissivity of a particular
gas system are needed in order to establish the spectral emissive power
from the system. The spectral emissivity of an infrared-active gas sample
is a function of many variables including: absolute temperature, gas
concentration, pressure, path length and wavelength. Only gases that
radiate in the infrared region -of the electromagnetic spectrum ar^importantSome of 'in industrial heat transfer calculations. A. these gases L have unbalanced
dipole moments , for example, carbon monoxide,
water vapour, hydrochloric acid vapour, ammonia, the hydrocarbon gases and
the alcohols. Carbon dioxide and carbon monoxide were chosen for this
investigation because their emission bands overlap and because they are
present in the products of combustion of all fossil fuels.
The combustion of fossil fuels still provides the major energy 
source for industry and transport, so that in estimating the heat transfer 
in power station furnaces, waste heat boilers, flues, rocket and internal 
combustion engines, the emissivity of the chosen gases is necessary. Heat 
transfer calculations are needed to design the safest and most efficient 
systems. The emissivity data are required for a wide range of equilibrium 
and non-equilibrium conditions of temperature, pressure, concentration and 
path length. These data are not fully available in the literature and 
cannot yet be calculated - except under limited conditions.
Although this report is concerned with the measurement of engineering 
emissivity data suitable for the calculations mentioned, it is useful to 
briefly review the theory of the radiative mechanisms. Considering first 
of all a blackbody, the rate and spectral distribution of emitted energy 
is given by the Planck equation and the wavelength integrated rate by the 
Stefan-Boltzmann equation. The'emissive power is a continuous function 
of wavelength and is based on statistical probabilities of energy 
distributions which are functions of absolute temperature only.
For gases, the absorption or emission of radiation can be regarded as 
a result of interactions between photons - or quantized electromagnetic waves - 
and individual gas molecules. There are three main classes of interactions: 
Bound-Bound, Bound-Free and Free-Free - these refer to the energy states of 
the atoms or molecules. Bound states are those predicted by the solutions 
of the quantum-mechanical equations and have discrete and in general, 
calculable, energy levels. Free states are associated with random kinetic 
energy levels of photoionized or photodissociated atoms or molecules and 
occur at very high temperatures for most gases. Hence bound-free and free- 
free transitions are only important under plasma conditions and give rise to 
frequency-continuous emission. In.most engineering applications only the
lower energy bound-bound transitions are of importance.
Bound-bound transitions give rise to electronic, vibrational and 
rotational quantized energy level changes. The absorption and emission 
coefficients are sharply frequency-dependent functions of photon energies and 
form a system of lines - as recorded by sensitive spectrometers - in the 
electromagnetic frequency spectrum. Electronic transitions involve the 
relatively large changes in energy necessary to alter the state of the orbital 
electrons in atoms or molecules, and because this is due to the structure 
of atoms all substances can interact in this manner. The energy change 
accompanying any transition is proportional to the frequency of the
electromagnetic radiation involved. Thus electronic transitions involve 
high energy,.high frequency (short wavelength) ultra-violet radiation.
Vibrational and rotational transitions only affect molecules and 
involve the successively lower energy levels associated with near and far 
infrared radiation. The degrees of freedom of a vibrating molecule allow 
simultaneous vibration and rotation energy changes and therefore each 
vibrational transition may be perturbed by various (quantized) rotational 
contributions and this degrades the spectral line into a band of closely 
spaced lines. The rotational energy levels involved are of the same order 
as the kinetic energies in gases, and the kinetic energy of a molecule can 
affect the vibrational transition and give rise to band broadening.
Broadening itself may be due to different mechanisms, for example 
natural line broadening is associated with the. Heisenberg- uncertainty 
principle, which states that'ithe product of the uncertainty of the energy and 
the mean life of an energy state cannot be less than h /  k% where h is the
Planck constant. Doppler line broadening is associated with the kinetic 
energy of the gas molecules and is thus a strongly temperature dependent 
function. Collision line broadening is caused by ihter-molecular 
collisions and is strongly dependent on pressure - because molecular density 
is proportional to pressure. Collisions between the radiating and non­
radiating molecules are also important and this special case is sometimes 
called foreign gas broadening.
In order to separate the effects of the system parameters on the 
emission, an emission coefficient k is sometimes used. The emissivity E 
is then a function of k, the gas path length L and the concentration C
-E = function exp(- k L C)
It might appear more effective to present data for k, but because 
k itself is a function of pressure, wavelength and temperature, no particular 
advantage is gained.
Further discussion of the subjects introduced above will be found 
in the following references; C108, 109, 110].
From the foregoing brief discussion it is apparent that the
calculation of spectral or band emissivities is extremely complex. The 
mathematics has not yet been fully developed for each effect and consequently 
the calculation of the combined effect is still relatively inaccurate.
This has necessitated the presentation of data in graphical form.
The experiment reported here deals with the measurement of emission
from dust-free pure gases. Particulate matter and the presence of non­
radiating gas will affect the emission from real systems and allowance for 
this should be made. The report is concerned with the description of the 
technique developed and the presentation of results. Calibration of the 
test cell windows is made for each measurement. The dimensions of the cell 
are similar to those met with in real systems and they also maximise the 
emission of the cells with respect to the emission from the windows.
3.01 Literature Survey
Hottel and Schack laid the foundations for the collection of 
engineering gas emissivity data. Hottel in 1927 [99] used the results 
published by Schack [88] and some earlier work by other workers to construct 
a series of graphs of emissive power of both 00^ and H^O against temperature. 
The temperature range of these data was 310 - 1980®C and the optical depth 
varied from 3 x 10 to 0.3 m.atm. Under these conditions the total 
emission (i.e. wavelength integrated)from water vapour exceeded that from 
carbon dioxide by an average of 2 ^  over the whole temperature range. This 
paper also gives details of the geometric shape factors necessary in order 
to determine radiation interchange between furnace walls, tube banks, and 
other regular bodies.
In 1935 Hottel and Manglesdorf [4-0] published a classic paper on the 
experimental measurement of the total emission from CO^/HgO/Ng mixtures.
The curves of emissive power versus temperature differed from the values 
given in ref [39] by up to 60^ as well as showing a different trend, see 
ïig. 1 • These graphs are based on measurements up to 1043^0 with extra­
polation to 1582*^0. Data are also presented for absorptivity of COg at 
temperatures in the range 4 - 1400^0 for blade body radiation of 40 - 1300^0 
and optical depths , less than* O.36 m.atm. For the same pl^sical conditions 
there are data on the total emissivity of COg and HgO and correction curves 
for COg/HgO mixtures.
The temperature range of COg data was extended to 2100^0 by Hottel 
and Smith [41 ] who burnt chemically pure carbon monoxide with air and air/ 
oxygen mixtures. The results agreed well with the extrapolated data of 
Hottel and Manglesdorf and it was noted that chemilurainescence was of little 
importance in equilibrium flames. Salt was inducted into the gas stream 
and volatilised by the flame in order that the sodium D-line reversal 
method for flame temperature measurement could be used. Similar work was 
carried out by Schmidt and Eckert [9/]*
Hottel and Egbert [42] reviewed the previous work of Hottel et al [4/] 
[9t] and that of Schmidt [9o] Schack [89] and Eckert [(9], The results 
published by Schack [89] using apparatus similar to Hottel and Manglesdorf 
[4-0] were up to 20^ lower than. Hottel and M!anglesdorf [4o] at temperatures 
1 ess than lOOO^C and 20^ higher at temperatures greater than 1300®C.
Hottel and Egbert prepared recommended tables,for the emissivity of COg 
(and HgO) and these are still in use today, e.g. Heat Transmission by 
McAdams Bog].
1 0p = partial pressure of GO, 
1 = optical path length
lo ooo
p*l = 1.0
\OoO
'too
fOOO
Temperatjjre deg* F
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ioooo
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3ooOZooo(00
Temperature deg. P
Comparison of total radiation data due to Hottel
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Using the apparatus of Hottel and Manglesdorf [40]^  Ullrich B/4J made 
measurements of the total emissivity of carbon monoxide in the range 200 - 
980°C and at optical depths as large as 0.51 m.atm. He also measured the 
absorptivity* under the same conditions as above, of CO for black body 
radiation in the range 400 - 1360°G. His results were then extrapolated 
to 1560°C and 1.3 m.atm. Stray radiation* due probably to gas refraction 
allowing parts of the furnace wall to be seen by the detector* and other 
experimental errors prevented repeatable results at low optical depths from 
being obtained. Theoretical calculations on gas emissivity by Penner [7#] 
and measurements by Abu-Romia and Tien [1 ] indicate that Ullrich’s results 
are too high by about 40^ compared with Abu-Romia an.d Tien.
Some data for GO^ band absorption at 10 atm and temperatures in the 
range 20 - 1100°G were obtained by Bovans et al [ H ] in a developed version 
of the Hottel and Man^esdorf cell.
Measurements of the spectral emission of hot GO^ in the 4.3 micron 
band have been made by Tourin at pressures between 0.06 and 0.9 atm , 
and temperatures of 200 - 1000®C. Data showing the dependence of spectral 
emissivity on optical depth* pressure* temperature and the relative effects 
of temperature and concentration are presented. 5^e data do not agree 
closely with theoretically determineji values.
Ferriso* Ludwig and Acton published a series of papers
on measurements of the spectral emissivity of GO^ in the 2.7, 4.3 and 15
micron bands at temperatures of respectively* 1200—  l800* 265O -• 3000*o1000 - 2300 K. Spectral emissivity Was derived from spectral transmission
, ■ <0 ■ 'measurements across a flame produced by a supersonic burner, except in the 
case of the 2.7 raicrdn band where the spectral emissivity was too small to 
be determined from transmission data and was measured directly# In the
4.3  micron band it is stated that the experimental data are 2 ^  lower at 
the band centre and 25^ higher in the long wavelength wing than their 
calculated values. The results cannot be compared with Tourin’s because ' 
they are at very different temperatures; but they agree reasonably well 
with the theoretically determined values of MaiUcmus [5i] who correlated 
various theoretical and experimental values.
12
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Abu-Romia and Tien [ 1 ] published results for a series of spectral j
absorption measurements on CO at temperatures in the range 20 - 1200°0, 
pressures up to 3 atm and path lengths of up to 20 cm* Absorption curves h
are presented for the fundamental and 1st overtone bands of CO, and the F
integrated band absorption A. (for the i^^ band) is calculated* The total h■ i ■ J. ' ,emissivity B was calculated from the equation s h
i ['
® =■ £      (1) 1
•  ■ j,
where B. is the average black body emissive power over the waveband i, and [;
T is the gas absolute temperature’at which A^  ^was computed* Using [
equation (l) the total emisjsivity of CO over the range 0 - 1500^K was t
evaluated and compared with the results of Ullrich [H4] (as mentioned above), j,
Penner [Mi] and Lee [46]. The data agree well with the semi-empirical I
expression of Lee, about 10^ higher than the latter and 10^ lower than the
, ' ' '■ • ftheoretical calculations of Penner. |
F;;, . ' !'The apparatus used in much of the early work, up till about 1945 was
similar to that used by Hottel and Manglesdorf [4-0] shown in Fig. 2 • The
main feature is the venturi operated *gas-window* which depends on adjusting
the mass flow of test gas and nitrogen until the boundary coincides with
the peripheral holes in the venturi nozzle. %  this means a concentration
boundary is formed and the test gas is * contained* in a windowless test cell.
The main errors in this type of apparatus are concerned with maintaining the
window in a fixed position and reducing the temperature and concentration
gradient along the flow paths. The signal from the gas was detected by a
thermopile, was wavelength-integrated and immodulated, which introduced
further errors. Improvements were made by Edwards [%o] who enclosed the
test cell in a pressure vessel fitted with infra-red transmitting windows,
so that measurements could be made at pressures other than atmospheric, and
fed the modulated signal from the test cell to a spectrometer, thereby
allowing spectral emissivity measurements.
Ferriso, Ludwig and Acton [ 2 5,2 6; 2 7 ] used a rodcet engine burning 
CO and 0^ and firing in air - a development of a long flame CO burner used 
by Hottel and Smith [4f ]* A globar source and spectrometer were used to 
measure hot gas spectral transmission, a black body source was used for 
calibration.
I .13
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An apparatus similar to the one developed in this project was 
described in the paper by Abu-Romia and Tien [ 1 ]# Windows of synthetic 
sapphire were used and the test gas was contained in a zirconia tube heated 
by an inert gas flushed graphite furnace*
A more detailed analysis of the advantages and disadvantages of the 
various types of apparatus reviewed above is given in appendix 3#
Analysis of published data on gas emissivities showed that there is 
still a need for data on the combustion gases# CO# COg and HgO# especially 
at pressures other than atmospheric# and also for other hydrocarbon and 
reaction gases* -
The measurements presented in this thesis deal with CO/COg gas 
mixtures# these are important because the emission bands overlap and the 
effects of mutual emission band broadening appear little known* Spectral 
measurements are made because these will be of use in molecular struoturs 
problems as well as accurate engineering calculations* Radiation from 
the test cell is modulated so that the signal from the detector may be 
easily and linearly amplified to drive the pen recorder and associated 
equipment* -
' I - ,
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4*01 Theory Section 0
This experiment is based on the experimental measurement of gas emission 
and the quantum mechanical approach is not used. Therefore the extensive 
literature and development of emission theories is not appropriate to this 
section. However a brief outline is given in chapter 2 and an introduction 
to the literature is given in appendix 1.
This section deals solely with the theoretical background to the main
assumptions implied in the design and calculation procedures of this experiment.
4.02 The Calculation of the Emissivity of Cylindrical Cavities
This method is recommended by T.J. Quinn [86] for calculating the 
emissivity of closed cylinders having diffusley-reflecting walls and a small 
axially placed aperture at one end.
A diagram of the system is shown in Fig. 3» . .
Let :- '
r = reflectivity of the internal walls of the cylinder 
E = emissivity of the test cell 
D = ratio of cylinder length to cylinder radius- 
a = ratio of aperture diameter to cylinder diameter
Then the emissivity is given by :
' ■ " • 2a 2 2E = 1 - r —  ~ r a B where B is a constant.D
Values of the second order constant B are tabulated as a function 
of D [86]. This equation is derived for cylinders with an aperture which is 
small compared with the cylinder diameter, but for most practical purposes 
it will give a satisfactory solution even when a = 1.
For example, if the wall reflectivity is 0.5 end D is 13 then the 
emissivity of the cavity is: 0.99673 when a = 1.0 
and 0.99997 when a = 0.1
thus a ten times decrease of 'a* only increases the emissivity 1.003 times.
Experimental verification of the emissivity was very difficult to 
achieve. Because the calculation is based mainly on geometric methods the 
calculated value has been used throughout. This calculated value is 0.99942 
V >' and within the limits of experimental accuracy has been taken as unity.
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4.03 Internal Shield. Self-Calibration of the Test. Cell
The calibration method depends on tie assumption that a plain shield 
held at the centre of the test cell acts as a blackbody emitter, this was 
justified in section 4.02. The shield operating mechanism is described 
in section 3.02(a). To make the following proof more general, the shield 
is first considered as a grid of metal wires of emissivity 'd’ and 
transmissivity 1 - d.
Consider the radiant energy emitted in direction X (Fig,4 ) in a small 
wavelength interval A\, from the test cell containing two windows and a grid, 
all at absolute temperature T.
Let
a = spectral emissivity of the front window
b = spectral emissivity of the back window including 'stray* radiationemitted from the back of the test cell (assumed constant with time)
g = spectral emissivity of the test gas
d = spectral emissivity of the grid
e = spectral,emissive power of a blackbody emitter
t = spectral transmissivity of the front window (such that transmitted 
intensity is 't ' times incident intensity).
then if
N = spectral emissive power of the empty test cell
D = spectral emissive power of the test cell with the grid in position
G = spectral emissive power of the test cell containing test gas
it follows from these definitions that
N = a e  + e b t . -  Cl]
D = a e + e b t (l - d) + d e t  [2] -
G = a e  + e b t (1 - g) + g e t  [3]
so that the differences D - N and G - N will be given by
D “ W = a e  + e b t  - e b t d  + d e t  - a e - b t e = d t e(l - b) [4
G ” N = a e  -f-ebt - e b t g  + g e t - a e - b t e = g t e (l - b) [3]
dividing [3] by C43 we get-
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Thus the true gas emissivity (g) has been found in terms of the grid 
emissivity (d) and the ratio of the emissive power differences. If the 
instrument response is linear and output is adjusted to give zero signal for 
zero emissive power from the test cell, equation L61 may be written in terms 
of the measured instrument output voltages.
Let
A = instrument output voltage from empty test cell 
B = " ” " " grid in test cell
C = " " ” " gas in test cell
k = " proportionality constant
Then
A = N k B = b k . 0 = G k
Substituting the above in equation [6] yields
C - A [7]= d B - A
With the present apparatus a shield of emissivity calculated to be 
0.99942 is. used. Within the limits of measurement accuracy of this experiment 
d is assumed unity hence equation [7] may be rewritten
S C - AB - A [8]
The true gas emissivity has been found in terms of the ratio of the 
instrument output voltages under three specified conditions. The equation [8] 
holds true for all wavelengths and temperatures but becomes increasingly 
inaccurate as the window transmission, 't' tends to zero.  ^ The values of A,B, 
and C must, of course, all be made at the same temperature and wavelength. 
Because these measurements are all made in a short space of time, typically 
30 minutes, the transmission of the windows can be assumed to remain constant.
It is not always possible to maintain the furnace temperature constant 
whilst readings A, B, and C were being made. This is mainly due to measuring 
A and B under vacuum conditions and C with gas under pressure in the test cell 
when the heat transfer modes are different. Accordingly, a temperature 
correction can be made to the values of A and B to match them to the temper­
ature of C.
."'f' : ■ -t'?;-..
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Suppose experiment A is done at temperature Tp and C at temperature T. 
Then let the emissive power of a blacktaody at Tp be ep. «
For wavelength X the emissive powers e and ep can be computed from the 
Plank equation giving -
C.
and ep
(exp (Cg/k T) - 1)
X^ (exp (C^A Tp) - 1)
[9]
[10]
where and are respectively the first and second radiation constants.
Dividing [9] by [IO] gives
^ expCCgA 1ep
Now from equation [I]
expCc^A Tg) “ 1 = Fp [11]
N = a ep' + b t ep . [12]
at temperatuôre Tp. Multiply equation [12] by Fp to correct to temperature T,
N Fp = a ep Fp + ep Fp b t = a e + e b t  [I3]thus
The right hand side of equation [I3] is identical to e-quation [l]. 
Similarly equation [2] at temperature Tq may be reqritten as
D Fq = a eq Fq + eq Fq b t (l - d) + d eq Fq t 
= a e + e b t ( l - d )  + d e t
[14]
with a corresponding factor Fq.
With all runs brought to the same temperature, T, the gas emissivity 
may be rewritten from equation [8] in the form
A FpB Fq - A Fpi [15]
Equation [I5] is the one used in the present experiment. The data 
required are the temperatures T, Tp, Tq and the experimental values for 
A, B and C at each wavelength investigated. The result is the true gas 
emissivity at the selected wavelengths and the temperature T.
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4.04 Leakage Rate of Hot Window Seal
The following nomenclature is used in connection with the universal 
gas law :
2P = gas pressure dynes / cm , 3N = gas molecular concentration molecules / cm
k = Boltzmann constant erg / °K
T = absolute temperature °K
V = volume of test cell cm^
n = Loschmidt number molecules / cm^ at N.T.P.
V  'The leakage rate at 1 atmosphere total pressure is measured by raising the 
differential pressure across the window to 13*8 kPa and noting the time t 
it takes for the pressure to fall to 6.9 kPa (both these pressures are gauge 
pressures). The greater pressure is in the test cell. «
Let the initial pressure be P1 and the final pressure be P2.
The initial number of molecules in the test cell (A) is given by
PI V P2 VA = —  and the final number by B =
the leakage rate is thus (A - B)/t molecules/sec, and dividing this by the 
Loschmidt number (n) gives the rate in cra^ /sec at N.T.P. Thus the leakage 
rate at N.T.P. is given by :
4.03 Temperature Measurement in Test Cell
The thermocouples that were used to measure the temperature of the gas 
in the test cell were laid in grooves machined in the outside surface of the 
test cell. This obviated,making any holes in the test cell which would have 
raised more leakage problems.
The assumption is that the heat flow is along the axis of the cell and 
thus the gas temperature would reach the wall temperature which would be 
measured by the thermocouples. Calculations (section 7.O3) show that at 
900^0 the temperature difference between the inside and outside surfaces of 
the test cell is 1.3°K, with a heat flow eqnal. to the maximum emission from 
the test cell. At 900^0 thé." accuracy of the thermocouples is - 6^C, 
therefore this method of measuring the gas temperature is considered acceptable
22
5,01 General Description
A block diagram of the apparatus layout is shown in figure 5,
The gas to be tested is held in a metal test cell which is heated in
a cylindrical electric furnace. The test cell is fitted with windows
capable of withstanding a temperature of 1000^0 and sufficiently trans­
parent in the infra-red region to 9 micronè In the centre of the test 
cell is a thin sheet metal shield that intersects the optical axis during 
calibration.
The furnace is supported axially within and thermally insulated from 
a cylindrical pressure vessel. Dry nitrogen is maintained in the pressure 
vessel at the same pressure as the gas in the test cell by an automatic 
pressure control system. Thus by eliminating any pressure differential 
across the hot windows the stress to which they are subjected is reduced.
Thermal radiation from the test gas passes through the hot window of
the test cell and through a cold window mounted in the flange of the main
pressure vessel. It then enters the optical box# is directed through a 
variable speed chopper on to the entrance slit of a grating monochromator, 
A thermocouple detector is mounted at the focus of an ellipsoidal mirror 
behind the exit slit of the monochromator. The optical box and mono­
chromator are both flushed with dry nitrogen to eliminate absorption that 
would otherwise be caused by carbon dioxide present in the atmosphere.
The electrical signal from the detector is fed via a tuned, amplifier 
to a parallel combination of chart recorder and digital voltmeter. The 
chart recorder system displays both spectral intensity and wavelength 
integrated spectral intensity traces, A small portion of the signal is 
used to drive a digital voltmeter which measures the spectral intensity 
at certain wavelengths - triggered by the wavelength scanning drum on the 
monochromator - and prints the value on a paper tape punch. This enables 
a digital computer to be used to process the experimental data,
A detailed description of the apparatus follows under the headings; 
Optical and Recording Systems o Furnace « Gas Handling System^ and Safety 
Equipment,
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DIAGRAM of APPARATUS LAYOUT
5#02 Optical and Recording Systems
a) test cell
% e  test cell t see fig. 6 is made from a 61 cm length of 6 cm diameter ! 
Xnconel 600 tube. It is internally threaded at eadi end to hold staimless • 
steel adaptors which hold the window sealing mechanism. Six grooves* 2.5 mm 
square cross*»sectibn and various lengths are used to hold the thermocouples. 
Small strips of stainless steel are tack welded at intervals across these 
grooves to prevent movement of the thermocouples. A narrow bore stainless 
steel tube is used as the gas entry tube, this is long enou^ for its end to 
lie outside the furnace to allow the connection to the copper gas supply 
pipe to rem^n cool.
The seal mechanism is éhown in fig. 7 . The stainless steel cage is 
sealed to the test cell with a copper gasket and the gold sealing ring is 
bonded with a hig^ temperature ceramic binding agent* Durbck 0900 (Physical 
Sciences Corp. California)* and polished flat in situ. The window is held 
against the ring by a seating spring transmitting the pressure via the two 
oohcentric stainless steel tubes. In order to reduce the effect of any 
stress raising due for example to the compression ring being non-parallel to 
the seating surface* a thin spun alumino-silica gasket (Fiberfrax) is placed 
concentric with the sealing ring but on the other side of the crystal. A 
strip of thin gold foil is folded round the edge of the window to prevent it 
fluxing to the steel at high temperatures.
Calcium fluoride was chosen as the window material because it has 
excellent transmission from 0.4 to 9 microns and a hi^ melting ^ int - 1360^ 0* 
It can be heated in air at lOOO^C for short periods without oxidising and 
does not react with the test gases.
A curved molybdenum sheet shield, fig. 8 * is held in the centre of the 
test cell and operated by a tungsten push-pull rod activated by a small 
pheumatic cylinder mounted inside the main pressure vessel. When in one 
position the shield lies at the bottom of the test cell and does not obstruct
O ' .the optical path. In the other position it is rotated through 90 about the . 
tungsten axle and completely blocks the optical path. A synthetic rubber 
tube forms a low pressure seal between the tungsten rod and the stainless
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b) pressure vessel
At one end of the pressure vessel there is a water-cooled black - 
target* fed from the low pressure water main, fig.9 .
At the other end is a ^ 2 mm diameter Saunders full-flow ball valve
and attached to this a holder for the cold window. Üühe calcium fluoride .
cold window is held in a brass demountable cage, fig. 10#
c) optical box
The layout of the box is shown in fig. 11 . It is made from a 
base plate of 9*5 mm thick aluminium plate with sides made from 16 s.w.g.
sheet screwed to the plate and sealed with adhesive tape. The top edge of
the sides is reinforced with a strip of angle which is rubber covered. The 
lid has a mating rubber strip, it is reinforced with angle strip and bolted 
on with 6 bolts to give a gas-tight seal. The inside of the box is painted 
matt black - to reduce internal reflections — and unwanted space in the box 
is occupied by black painted, shaped polystyrene blocks to reduce the 
effective volume of the box so that dry nitrogen flushing will be more 
efficient.
The box is bolted to the monochromator and has a 3-height-adjustable 
legs to level off the base ^ate with that of the monochromator. It is
sealed to the optical baH valve with a thin sheet of polythene - held with
adhesive tape - and flushed with dry nitrogen to remove absorption bands 
caused by atraosjheric CO^ and H^O.
Inside the box are mounted the beam deflecting mirror, the off-axis 
paraboloid mirror and the variable speed beam modulator. The beam deflecting 
mirror, fig.12 , is mounted in ball bearings such that it can rotate freely 
about a veritical axis throu^ the front face of the mirror. It is spring 
loaded against an adjustable stop that is used for alignment. This mirror 
directs the parallel bundle of rays emitted from the test cell to the off- 
axis paraboloid mirror which in turn focuses it on the entrance slit of the 
monochromator. Both these mirrors have alundnised front surfaces.
The optical axis of the system is 76.20 mm above the base plate and 
the paraboloid mirror is mounted with its axis at this level. It can be 
tilted, and moved in 2 perpendicular defections in the horizontal plane.
A vane type chopper, fig.13, .is used to modulate the radiation beam, 
jand is driven by a synchronous motor through a plate drive. By ,moving the 
motor bodily along an axis parallel to the vahe axle (with an adjusting screw)
It
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Axis of rotation
Over-centre spring
Circular
aperture
Mirrorsupportframe
Rat at ion satting screw.
Base-plate securing bolt hole
Rotatable Plane Mirror FIG |2
33
dpd
0) 0)
A W
O <u>» <wco x:
bo d
« T)
Variable Speed Chopper
a/?-'::/,''.-
:
3
Â / it is possible to vary the modulation speed over the range 8.5-11.5 Hz, and
j thus tune it to the amplifier. The vanes are made of polished aluminium ,
" sheet. The peripheral brass ring acts as a flywheel - ma^taining a 
, uniform modulation frequency - and also keeps the vanes planar. Æ*'i:-'
"î:;,v d) monochromator and detectori f
, ; A Grubb Parsons type M2 single-beam grating monochromator is used,
ÿ S f  . ■ /. fig. 14 • It has back-to-back gratings and covers the ranges 1-5 and 5"25
microns. The slit width is set manually with a maximum of 2 mm. The wave- 
; length scanning drum indicating revolutions of a lead screw is driven via a
3-speed gear train by a synchronous motor. Wavelength is directly proportion-
I-
al to drum rotation and the three scanning speeds are 0.8, 0.4 and 0.2 ndcron
rain on the 1-5 micron range. The resolution on the 1-5 micron band is 
ff ÿ - ; ' 0.01 micron. On each revolution of the wavelength drum a micro-switch isl i f e, #  *
closed 4 times and this is used to trigger the recording system.
The detector is placed at one focus of an adjustable ellipsoidal mirror 
with the other focus at the exit slit of the monochromator (both entrance . 
and exit slits are coupled). It is a vacuum type thermocouple detector and
is protected by a polished potassium bromide window.
The instrument is used in the first order and higher orders are 
eliminated by a set of filters.
:f it ' To ensure that the monochromator sees only the gas in the cell there
i . r are diaphragm stops on the monochromator slits end the beam deflecting mirror.
The output from the detector ip led to a Grubb Parsons thermocouple 
If : ' amplifier via an impedance matching transformer. It operates at 10 - 0.45 Hz 
I ‘ and the output is a d.c. signal suitable for driving a potentiometric chart
f - recorder. This has eun adjustable zero bias and the gain is continuously
variable over the range xlO^ to xlO^» Both amplifier and transformer are 
supported on sponge rubber to reduce vibration induced noise and the earth 
system is designed to minimise mains pick up.
e) recording system
The output from the amplifier is fed to a 2-pen recorder and a 
digital voltmeter. The recorder displays the signal direct on one channel 
and in conjunction with an electro-mechanical computing unit displays a 
time-integrated signal on the other trace. Since the scan speed is 
constant this second channel is equivalent to a wavelength integrated trace
Vlf'.
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Rear ellipsoidal mirror
Vacuum thermocouple detector with KBr windojw.
Positioning plate, for back-projectionunit
Rear "exit.” slit
Plane aluminised reflection grating
Gear chain between drive motor and wavelength drum
Wavelength setting drum
Cam contactors for micro-switch.
Front "entrance" slitCam for slit width programme.
Scale for slit width.
Micro-switch for DVM & CR triggering circuit
Grubb-Parsons M2 Monochromator FIG. 'I 4
\ ;
II:P-SÏ
3. ■
I
% P -..!.■■
« S 'IS•;-r
S f i S S ' S J - -  :■m 'p pPA:fISiK?:-'f '
.-T'i iii
from which band emissivities can be computed* The trigger signal from 
the wavelength drum operates a reed relay and also a wavelength maiker 
pen on the chart recorder* ,
The reed relay output triggers the digital voltmeter and this punches 
the instantaneous signal level on punched tape* The tape punch has a 
parity check unit installed which stops the punch should a parity failure 
occur* The tapes are processed using an N*C*R* Elliott 4100 digital 
computer*
The equipment used is a 2-pen Rikadenki potentiometric recorder, a 
Solartron LM 1420*2 digital voltmeter and an Addo type ^M;ape punch 
(using 8-hole tape even parity)*
f) ali^ment
For optical alignment a mercury lamp is used in conjunction with a 
back-projection system* The projector, fig* 15 , is mounted on a base plate 
with three screwed feet that locate in holes diilled in a plate mounted on 
the base of the monochromator* It uses two lenses in a KUhler illumination 
configuration that focuses light on the exit slit of the monochromator*
5.05 Furnace 
a) furnace
An electric fesistance furnace 90 cm long and 7.3 cm diameter is 
used, fig* 16* It is wound with three separately controlled sections, 
the outer ones being guard heaters* The windings are made of Kanthal A1 
^  wire which has a melting point of 1300^0 and this limits the safe working
P:
S lv :^
temperature to 1000 C* They are supported in a ceramic tube held in 
insulating rings and laid on a metal troy inside the pressure vessel* Spun 
alumino-silica fibre is packed between these rings and the pressure vessel 
to provide thermal insulation* In addition to this a certain amount of 
aluminium foil is used for radiation shielding of the thermocouple junction 
block and the shield operating air cylinder* , A thin walled p*v.c* tube is 
wound, in sections, around the out#de t of the pressure vessel and cold water 
is passed throu^ to keep the pressure vessei, skin dose to room temperature*
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b) control system
The electrical control circuit for furnace is shown in fig.1 7 .
Each furnace section is separately controlled by a variable transformer 
connected to the primary of the step-down transformer feeding the section Ij
winding. The primary current and the voltage across each section can be |1measured; each section is separately fused on the primary side. The fj
furnace windings are connecte^ by aluminium braid to terminals mounted on
an insulated steel flange in the pressure vessel and copper braid is used 
to connect these terminals to thà step-down transformers. Manual control 
of the «^ stern is used.
measurement '
Chromel/Alumel thermocouples are used with a melting ice bath 
cold junction and digital voltmeter to measure temperature. Five stainless 
steel sheathed 1.5 mm diameter (0.062 in) thermocouples are held by stainless 
steel strips in grooves milled in the tegt coil. Two are fixed at the ends 
of the furnace, two 15 cm from the ends and the remaining one in the centre 
of the furnace. !5ie pairs of leads from four of the thermocouples are 
taken to a junction block, to allow easy remocal of the test cell, and then 
T1 and T2 wires, as appropriate $ are led through a pressure tight coupling 
in one of the pressure vessel access flanges. The fifth thermocouple is 
led through its own pressufe connection so that the sheath is continuous 
to the outside of the pressure vessel. From there, compensating cable is 
used to complete the cirçuit to the cold junction and selecting switch. Fy 18
d) warning device
An over-temperature warning device is fitted to the^pressure 
vessel ëcin. ®iis unit gives a flashing light warning should the skin 
temperature exceed 98^0. The device operates from a 12 volt d,c. supply 
and the a.otive element is a positive temperature coefficient resistor 
(Thomas Parsons Posistor Thermal Protection Unit for I.C. engines).
40
1 p m m c E
A A A A A A A / v V V X A A ^ ^
voltmeter
ammetea
isolator
10 A
neutral
Resistanceohms. 1 2 5
hot 0.42 1,59 0.58
cold 0.55 1.50 0.55 50 Hz 4.0
(The extra resistance in zone 1 is due to hot power conduotors)
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5.04 Gas Handling System
a) pressure vesselI N  m i  w  n >  1 — IK  i i M  i i <  mm  " I #  mm ■ * ■  « # , 1
È1
The pressure vessel is made from a mild steel cylinder 9«5 nun : ii
thick and 1.25 m long with 63.5 mm thick flat ring flanges fusion welded 
on at each end. It is fabricated to Lloyds Class I standard and has been 
hydraulically tested to 6.9 MPa. for working operation at 3»45 MPa.
One flange is fitted with a Saunders 31*9 mm diameter full-flow ball valve* 
referred to as the *optical ball valve*. A dozen smaller tubes and 
flanges are used to provide service facilities Inside thé pressure vessel* 
figs. 1 9 to 21,
!5ie main flanges are bolted down with ,l6 1 l/4 in B.S.W. bolts 
on a 0.43 m pitch circle diameter. These flanges are sealed with an 
asbestos insert spiral steel chevron seal held in a steel flange. A bursting 
disc with a bursting pressure of 4.66 MPa at is fitted. The vessel
is held in 3 saddles which are bolted down to the main steel support frame.
b)
Two mild steel high pressure drying tubes are used, fig. 22* each 
0.61 m long and 50 mm diameter. Fusion welded flanges are used with 
asbestos sealing gaskets held down by bolts. The tubes are made to BS 15^0
and have been pressure tested to 5*1& MPa.
An automatic pressure control system that can balance the 
pressure across the hot window in the test cell to - 500 Pa at all pfessures
up to 3*45 MPa has been built. It uses a pressure activated micro-switch 
housed in a pressure vessel, fig. 23, that is connected to the g ^  supply 
pipes. It operates by opening and closing mains operated relays admitting
or exhausting N. from the main pressure vessel, fig.24 . The pressure 
vessel is made to BS 15OO class 2 and has been hydraulically tested to
7.6 MPa for use at 3*45 MPa«
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d) pressure system flow sheet
The arrangement of the pressure system is shown in fig. 25with the 
key to the diagram. The gas reservoir R is a standard aluminium gas 
cylinder. 3A high capacity vacuum pump with a throughput of 0.0075 sec 
and ultimate vacuum of 0.66 Pa, driven by a 746 watt single phase induction
motor is used to degas the system.
, Measurement of the absolute pressure in the system is made with 
two bourdon type pressure gauges and the vacuum pump pressure is measured 
with a diaphragm operated gauge (all Negretti and Zambra). The differential 
pressure between the pressure vessel space and the shield operating air 
cylinder is measured by a double bourdon tube differential gauge (Budenberg).
A strain gauge type differential pressure transducer (Bell and 
Howell) is used to measure the differential pressure across the hot window 
(plus or minus one inch water gauge). The transducer consists of a solid 
stainless steel rod machined at each end so as to leave a thin diaphragm, 
the displacement of which is measured with a bridge type strain gauge. The 
bridge is energised by a stabilised power supply driven by a lead/acid 
accumulator and the output is amplified and used to operate a cirscale meter#
The pressure micro-switch is an adjustable unit, using a 130 mm 
diameter (approx) metal diaphragm with contacts rated at 500 mA 6 volts, the 
electrical contacts being open when the differential pressure is zero 
(K.D.6. Instruments). It can tolerate an over-pressure 69 kPa maximum.
5*05 Safety Equipment
a) carbon monoxide analyser \A carbon monoxide infra-red absorption type analyser is 
continuously run when tests are being made with carbon monoxide (GO). The 
analyser indicates the # CO in the laboratry atmosphere and provides a 
current output proportional to this concentration; this output is used to 
trip a relay which sounds a warning bell should the CO concentration exceed 
the maximum permissible working level of 100 ppm# The sampling point is 
1 m from the ground and air is drawn through the analyser by a water jet 
filter pump.
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KEY FOR FIG. 25
D.T. ' drying tubes
V.P. vacuum pump
R gas reservoir
G1 pressure gauge 0 to 600 psi
G2 pressure gauge 80 to 0 to 80 psi
G3 pressure gauge -30 in Hg to 100 psi
P.T.1 pressure transducer for AP electronic gauge
P.T.2 pressure switch for AP control system
M.P.V. main pressure vessel
T.C. . test cell connection tube
8.0. shield activation air cylinder connection
B.D. bursting disc
Valves
A
B
0
D
E
F
81, 82 
M
Ermeto 1/f4" n.b. shut off
Brmeto instrument shut off
Ermeto fine control
Worcester ball shut off
Pressure control fine control
8aunders 1 1/8" bore ball valve
Pressure control mains operated solenoid shut off valve
miscellaneous
number off
8 
6 
2 
5 
3 
1 
2
from vacuum pump to valve E3 
to low pressure flushing nitrogen 
to compressed air or vacuum
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Sampling ^ — [xj
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E/y-
i l l b) resuscitatorAn Automan (Siobe Gorman) fully automatic resuscitator is keptl Ü  ,V.:/ at-the-ready in the laboratory. It automatically gives the optimum oxygen
* ' resuscitation through a mask.
ggg;/:. . ■ Ï222JS2Ë' . : '
l A face mask with a 10 m length of air supply tube is available
/  - ;■ <•■ (; y  .'t^  ,ÿ.,' \  ^Î for working in the laboratory in the unlikely event of a serious escape
_ > of carbon monoxide.
i d) emergency shut-down procedure, _ _ 6 — i----------- a--------  ,
, A detailed emergency shut-down procedure has been evolved and an
instruction, notice j,s on'display;.
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ii ; 6*00 Experimental Method
This will be described in three sections: Preparation, Setting, up the'
//'. Electronics and Operating Method.
■ ■Preparation was necessary when a window failed and was a lengthy 
procedure. The electronics setting up was carried out twice a day to ensure 
that the system was operating at peak efficiency. The operating method 
describes the procedure adopted for. each run.
6.01 Preparation
(a) The test cell
This entailed making and polishing the gold sealing ring and 
/ assembling the test cell with the windows in place. .The sealing ring was made 
by fusion welding a length of gold wire in a carbon groove mould. The ring 
was then sealed into the stainless window holder and the sealing surface 
polished. When the desired polish had been achieved, the alumino-silicate 
fibre washer was cut and heated in a Bunsen flame'- to burn off the organic 
binder.
The shield operating mechanism was tested and the cold seal between 
the operating rod and extended seal tube was slid into position. The seal 
•,/. consisted of a 3 mm length of thin-walled silicone rubber tube. Copper seals 
. wère used between the test cell and the window holders. These were smoothed 
/ on emery paper and then the window holders were screwed tightly into the 
test cell using anti-scuffing paste on the threads.
The windows, fibre washer and extension tubes were assembled - 
.. again using anti-scuffing paste - and the seating load was then applied by • 
screwing doWn the outer tube.
Thermocouples were slid into the grooves of the test cell, each 
to its appropriate position.
When this had been, done the test cell was slid into the furnace, 
the thermocouples were connected to the correct lead-through wires and each 
circuit was tested. A resistance meter was used to test that there was no 
; . short circuit leakage between the ? test cell and the furnace windings.
The shield actuating mechanism, cooling straps and gas supply 
tube were connected*and the insulation packing placed in position.
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(b) The Optical System
The optical system was aligned using the mercury lamp and the back- 
projection unit. After removing the covers from the monochromator, the back- 
projection unit was placed on the positioning plate ^ adjusted and the lamp' 
switched on. The wavelength was set at 2.2 micron and a green line - the 4th 
order of the primary mercury emission line - appeared at the exit slit and the 
paraboloid mirror was adjusted to focus this spot on the centre of the plane
mirror* By adjusting the angle of the plane mirror and sliding the optical ,
box platform on its runners, the emergent beam from the optical box was 
aligned along the axis of the test cell in the vertical plane. The pafaboloid 
mirror mounting was then adjusted until the beam was aligned in the horizontal 
plane and any necessary re-adjustments to the plane mirror were made.
A check was made to see that the diameter of the emergent beam from 
the target end of the test cell was less than 25 mm. The projector was then 
removed, the covers replaced over the monochromator - ensuring first that the 
filter was correctly mounted - and the slit width set to 1.944 mm (scale l8)«
(c) Start up Procedure
When the optical system was set up, the main flange and seal were - 
replaced and the 16 studs positioned and the bolts set to a torque of 271 Nm. 
The cold target was bolted into place but the cold water was not turned on -
to prevent condensation on the target face. ’ *
The calcium fluoride window and its mount were then taken from the 
dessicator and fitted into the flange of the optical ball valve. A polythene 
bag was then coupled between this flange and the optical box and secured with 
a rubber band. Cooling water for the main pressure vessel cooling coil was 
turned on. All the valves in the gas system were shut.
The test cell and pressure vessel were evacuated by opening valves 
A1, A3, A4, A8, B1, B5, D4, see Fig. 25 , switching on the electric differ­
ential pressure meters, switching on the vacuum pump and slowly opening valve 
A7. The furnace and guard heaters were switched on, and the variable 
transformers set to give the required secondary voltages. At the same time 
the monochromator amplifier, chopper motor, digital voltmeter and chart 
recorder were all switched on so as to allow them time to settle down before 
measurements were started. For example, the furnace reached an equilibrium 
temperature of 500 0 about 48 hours after switching on.
i%'/vv 
vv ;
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After being under vacuum for about two hours, valves A7 and A4 were shut, 
E;„ . , the vacuum pump switched off and valve D2 opened to eliminate the vacuum in
the pump and then closed. The nitrogen supply was turned on and set to about
/ ' ‘ 70 kPa and valve A? was slowly opened. Nitrogen was maintained in the
y,u- , . , ’ pressure vessel whenever the furnace was switched on.
'Ey, \ ' 6.02 Electronics Setting Up
The optical ball valve F, was opened, and the black-body shield raised so
', that the maximum amount of energy, was emitted from the test cell. The variable
speed chopper was set to give the maximum response on the chart recorder, this
was at about 4 micron,
. ' .E
t e ; Alignment of the elliptical mirror was the next step. The mounting for //., ■ À ~ the mirror has three spring-loaded set-screws, one at the centre of the left
I'../ hand side, A, and two on the right, an upper, B, and a lower, C. Screws A
EE', , and B were alternately adjusted to give the maximum signal response. Note
; / that screw C was not touched at' all. The final adjustment was to focus the
now-centralised image of the exit slit on the detector. To do this, the 
_ mount was undamped and its distance from the detector adjusted with a further
'y' spring-loaded set screw, and then clamped. Centralisation of the image was /
: checked twice a day but the focussing never needed adjusting. The covers on
E  E E  ■ E' the monochromator were replaced and screwed down, the; tubes for the flushing
a.i a ; N . nitrogen were connected and the flushing nitrogen supply was turned on and set
, to give a flowrate of 27 l/min.
: ' An aluminium sheet was then slid between the covers of the monochromator,
to give a zero signal level input to the detector. Both the chart recorder 
and digital voltmeter (G.R. and D.V.M.) zeros were set and the D.V.M. 
calibration checked. They were then set to a low voltage full-scale deflection 
(FSD) voltage and the detector amplifier set-zero adjusted to give the best 
zero on both the GR and DVM. The aluminium sheet was then removed and the 
correct FSD voltage selected for the GR and DVM.
The wavelength drum was set to the starting wavelength, the scan speed 
was chosen and the appropriate gears fitted to the shafts of the wavelength
:t;E' drum drive system.
' . %
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6,03 Operating Method
;A':.
The operating method is outlined below, followed by noted on some cff the
steps
"'EE:.; .
# ; ' E  I E  
' ; E/M
1) Prepare gas mixture in the reservoir ,
2) Take sample of the gas mixture ’ . * ;
3) Set the cell in the 'A' mode
4) Prepare the recording systems ' . .
3) Measure the cell temperature profiles '
6) Start chart advance motor on OR
7) Start wavelength drum scan and make three complete scans
8) During third run repeat (5)
; 9) Stop chart advance motor on OR
10) Set cell in the ’B ’ mode
'11) Repeat steps (4) to (9)
12) Set cell in the ’C* mode
; 13) Slowly fill test cell with test gas and pressure vessel withnitrogen. Set vessel nitrogen flushing rate
14) Repeat steps (4) to (9) but for 5 scans, not 3 as before
15) Evacuate system and prepare for the next run. Measure laboratorytemperature and record run details on results sheets, on the CR paper and the punched tape.
1) Gas Mixture Preparation.
The whole system, including the gas reservoir, was reduced to vacuum 
as described in section 6.01 (c). All valves were closed and valves A1, A2, B2, 
B6 and D1 opened. Carbon monoxide was admitted to the system and controlled 
by valve A3 until the required pressure was reached. Valves D1 and Ml were 
closed and excess CO exhausted to atmosphere via A3» Carbon dioxide was then \ 
admitted and when the pressure exceeded that in the reservoir, valve M1 was 
opened and the pressure controlled by valve A3 until the final pressure was 
reached. Valve Ml was closed, the CO^ turned off and the tubes reduced to •
vacuum pressure.
The reservoir was opened with sill valves closed except Cl and a sample
of gas was slowly drawn off through valve M2 into sin evacuated glass mmple
bottle. AT
Valves Ml, M2, Cl were closed and valves A1, A4,^A8, B1, B5, B6 and D4
slowly opened to maintain the vessel at zero pressure.
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3) ’A ’ Mode Setting
A single-acting air cylinder is used to operate the shield mechanism# 
When the pressure in the cylinder is in excess of that in the vessel, the
shield is in the lowered position and it does not obstruct the optical path
along the axis of the test cell, and vice-versa.
.In the 'A* mode the shield is lowered and the test cell and pressure 
vessel are under vacuum.
In the mode the shield is raised and the system remains under 
.vacuum. '
In the * C’ mode the i^ield is lowered.and the test gas is held in 
the cell with nitrogen in the pressure vessel - at the same pressure as the 
test gas.
4) Preparation of Recording Systems
The preparation of the recording system involves the following steps !
a) set the switches in the trigger circuit so that when the micro-switchoperates, both the CR and DVM are triggered,
E , b) lower the pens on the CR and set the chart speed, check FSD setting,
c) set DVM to manual trigger, check FSD, switch tape punch on,
d) run out 100 mm of tape and record run number on it, '
e) set counter on tape punch to zero.
5) Cell Temperature Profile Measurement
A potentiometer box was used to measure the emf. from the thermocouples. 
To reduce the possibility of operator error, the potentiometer box reading was 
noted for each measurement. These values were later multiplied by 3 to give 
the emf. in mV. The corresponding temperatures were read from a graph of emf# 
versus temperature prepared from British Standard data for chromel/alumel 
thermocouples (B.S.1827). From the temperature profile an average temperature 
for that run was determined. The average of the potentiometer reading before , 
and after the run was used.
' f » - ' -t 'E l " . E..EÈ:.:EE- \ '
%1/E^EÉ.;" '/: E  '- -  ^ - I ' -.: ' ' '- - _ E  "  ^' :&8'
# #  ' ■ ■ ■ '
E  ./ ' , 7) Scan ProcedureIÜEE/--:Em; E / ‘ V • The end of a scan occurred after 43 pieces of data had been collected,
yEEE/V' • The Wavelength drum motor was switched off, the trigger circuits neutralised 
É / ' E and the drum wound back to the starting wavelength. A check was made to see
E' k; ' that the punch counter reading was a multiple of 43, the tape was advancedHr.,' ' 200 mm, the trigger circuits activated and the wavelength drum motor restarted.-r . -' - M-.
;jH n-,:- 8) Addition of Gas' 'EiE. '' 1 When preparing the ’C* mode, test gas was added slowly;so that sudden
E'E / temperature changes did not occur in the test cell^to make pressure balancing 
, easier and reduce the possibility of thermal stresses cracking the window. 
Pressure balancing was performed manually using the electronic differential 
pressure measuring devices.
E:'.
lï' . ■ . Continuous nitrogen purging was maintained while the test cell was
being filled, to remove any test gas that could have caused absorption during
■EE ■ , the test run.
During the test run nitrogen purging was controlled by the automatic
..E-, . . system for pressures less than 140 kPa and by manually setting the fine control
.h,h . valves 02 and E3 for greater operating pressures.
> , • A continual check was kept on the test cell pressure, the differential
-El;- pressure and the flushing rate, during all *C mode runs.
' ■/
Finally, after completion of the runs, the temperature data were 
evaluated and with them the data recorded on the punched tape were processed 
by the digital computer using the programmes described in chapter 7.
f:
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7-0 Calculations
This chapter is divided into three main sections, the first deals with 
calculations affecting the design of the equipment (1, 2 and 3)?. the next ■ 
with the data reduction (4, 5? 6 and 7) and the final one with an estimate 
of the seal’s gas leakage performance.
7.01 Emissivity of test cell
Using the formula given in section 4.02 the blackness of the shield 
may be calculated.
From the geometry of the test cell it is found that
D = 13 therefore B = 0.0013 Quinn [86] 
a = 0.3
using the nomenclature of section 4.02.
If it is assumed that the spectral emissivity of the shield inside 
surface of the test cell is 0.33 from the data of Wiebelt [1l6] then the 
cell emissivity E is found to be
' E = 1 - r(a^/D^)'- r^ a^ B
^ _ 0.35^ 0.3" 0.0013
E = 0.99942
Thus the error in assuming E = 1 is only 0.038^. Figure 26 shows the 
variation of emissivity for the present test cell as a function of the wall 
reflectance and even under the conditions of the lowest wall reflectance,
the cell emissivity is seen to be 0.9982, with an error of 0.l8^ in
assuming unit emissivity.
The emissive power from the test cell (W) msy be found from the
Stefan-Boltzmann equation: ¥ = s a T
where s Stefan-Boltzmann constant 38.7 n W/m^2a area considered m
T absolute temperature °K
For example: at 900°C
for the test cell area ’a ’ = tu 0.0234^ 0.23 m^ 
thus W = TE 0.0234^ 0.23 1173 56.7 = 343 watts
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Similarly, the emissive power from the metal ends of the test cell may 
be found. Here the emissivity of the metal is taken to be 0.35» ref [1163
The area*a‘ is now
a = (5.08^ - 2.54^) m^-  ^
thus W"= 57 watts
The total emission from the test cell can now be found. It is equal
to twice the sum. of the two emissive powers found above, for each end of '
the test cell.
Total emissive power = 2( 5^3 +57) = 1200 watts
The maximum power available in the central section of the furnace is 
3250 watts therefore it would seem that the test cell is certainly able to 
emit at the rate of a blackbody at the highest temperature used in the 
experiment•
7.02 Length of Test Cell
The length of the hot test cell is obtained, from the standard temperature
expansion equation. Since the test cell is lying freely supported in the
furnace, longitudinal stresses may be assumed absent. It is further assumed
that the total expanding length is of Inconel, the effect of the screwed
end section and gold sealing ring are negligible in comparison with the 
total length of the test cell.
The variation of the linear coefficient of expansion with temperature 
for Inconel is shown on Fig. 27 from data published by Henry Wiggin and 
Co. ref [117].
Let :- 'ÿLh = hot length of the test cell at temperature Th
Lc = cold length of the test cell at temperature Tc
a = linear coefficient of expansion for Inconel at Th obtained from Fig
Then the hot length is found from the equation 
Lh = Lc (1 + a (Th -Tc))
The length of the test cell at 16*^ 0 was found to be 635*8 mm
Linear coefficient of expansion for
/Inconel 600 alloy as usedi for tast cell.
Data from^  ref C1173
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At 500^0 'a* is found to be 15 x 10 / C
Therefore Lh is found to be
Lh = 635.8 (1 + 484 15 10“6)
= 635.8 (1.0075)
= 640.6 mm
Similarly at 750° Lh = 643*0 mm 
and at $00°C Lh = 644.4 mm
Therefore the gas path length at 500°C is 640.6 ram ^
and..at 750°C is 643.0 mm
and at 900°C is 644.4 mm
7.03 Heat Transfer to Gas in the Test Cell
Three calculations on the gas heat transfer are made in this section.
A calorimetric calculation is made in order to determine the temperature drop
of the test cell due to the addition of one volume of cold test gas. The
approximate heating time of the gas is then found by separately considering
the radiation and natural convection heating of the gas. Finally the 
temperature difference across the wall of the test cell is estimated.
a) calorimetric determination. '
This is carried out for the worst conditions, namely addition 
of gas at 20°C and 69O kPa to thetest cell at 900°C.
At 900°6 the heat capacity of the test cell is calculated to 
be 4 kJ/°K. (The product of the mass and specific heat of the cell).
The specific heat of CO and 00^ (C) is approximately 
0.3 X 4.187 kJ/kg °K at 900°C. The mass of ,1200 cc of gas at 900°C and 
960 kPa is then calculated.
P V = N k T section 4.04
mass of 22 400 cc of 00^ at N.T.P. = 44 g
N/n = volume of gas at N.T.P. n = Loschmidt number
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^ . N 44 P V 44mass of COg (m) - - 22 400 " k T n ' 22 400 ®
for the conditions considered m - 3-65 g
Thus the heat capacity of the gas 0 m is given by
C m = ■.^■■'•--“Ydoo'^  ' = 4.58 10"^ kJ/°K
If the gas enters at 20°C and is heated to 900°C the temperature 
drop of the test cell is given by
880 4.58 10"3  ^ o,^temperature drop =      = 1____K
This represents the worst possible conditions, where the gas is 
added and mixed instantaneously with no heat input to the furnace. In 
practice, the gas is added slowly and the furnace is continuously 
supplying heat to the system so the practical temperature drop will be 
much less than 1 °K,
b) heat transfer to the test gas
The radiant heat transfer to CO^ is calculated for the case of 1 atm 
total pressure and 100^ concentration at 900°C. *
The calculation is carried out by assuming a constant test cell 
wall temperature of 900°C - this may be assumed according to the 
calculation a) above - and at constant values of emissivity and specific 
heat for CO^- This will give the worst answer but it simplifies the 
calculations. Heat flow rates to the gas are found for temperature 
levels of the gas differing by 100°K. The corresponding times required 
to heat the gas are calculated and summed to give the total estimated 
heating time.
The rates of heating are found from the equation 
Q = A s (ag Tw^ - Eg Tg^) ref [IO8]
where
Q = heat flowrate watts 2A = inside area of test cell walls m
8 = Stefan-Boltzmann constant 56.7 nW/m^ °K^
ag = total absorptivity of 00^ at Tw 0.053
Eg = total emissivity of 00^ at Tg 0.1
Tw = test cell wall temperature 1200°K
Tg = test gas temperature
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When Tg = 300°K
Q = 0 .1 56.7 10"9 (0.053 1200^ - 0.1 300^)
= 617 watts ~ 617 J/sec
Similarly
when Tg °K = 400 500 6OO 700 8OO 900 1000 1100 1200
Q wats = 610 594 560 502 415 284 113 50 0
Heat capacity of gas 4.58 J/°K 
Therefore time to heat from 300 to 400°K = ~ 0.75 sec
Similarly for the other temperature Intervals
Tg °K = 400-500 500-600 600-700 700-800 800-900 900-1000 1000-11005.741100-1200 . I
t sec = 0.76 0.79 0.86 1 1.31 2.3 18.4
total time 32 sec
Therefore considering radiant heat transfer only it has been shown 
that the gas should reach its maximum temperature in 32 seconds. .
Considering natural convection heating of the gas in the test cell, 
the heat flow is found from
Q = h A Tm ref [II9]
where ^ coefficient
A = inside surface area of test cell 
Tm = temperature difference between wall and test gas
C HI TmTime to heat test gas is given by t = — ^----  as before
Therefore t = - ^ ^
The film coefficient h is found from the equation
h = 0.47 ~  (Gr)°"^^ (Pr)^"^^ ref [II9]
where G = thermal conductivity of the gas Gr = Grashof number Pr = Prandtl number L = Diameter of test cell
0, Gr and Pr are all calculated at the mean of the wall and bulk gas 
temperatures.
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For the conditions in the test cell at 500°C h is found to be 
12.45 watts/m^ °K.
The time of heating (t) is then found to be
4.58^ = 12.45 0.1 ~ sec.
If the effect of temperature on the Prandtl and Grashof numbers is 
neglected, this time will be independent of temperature.
It therefore appears that under all conditions the test gas will be 
virtually at the temperature of the test cell walls within one minute of 
being admitted to the test cell.
c) temperature difference across test cell walls.
This is found at 900°G with the heat flow equal to the total 
radiant emission from the test cell found in section 7.01
The temperature difference across the walls (Td) is found from
Ta = q 2.3 log^o (EO/EI)
2 Tt k N
where RO = outside radius of the test cell 
El = inside radius of the test cell
k = thermal conductivity of the test cell walls
N = length of the test cell
For the test cell at 900°G
Td ^°^1Q (31.5/25) _ 1.5°K
2 Tz 0.67 1.751 25 — =
7.04 Galculation of Emissivity
As explained in chapter 4, three sets of data are required for the 
emissivity calculation. They are the spectral emissive powers for the 
conditions of 1) empty test cell condition A
2) shield in view condition B
3) test gas in cell condition G
For each of these conditions several scans were made and each scan 
contains 45 equally spaced spectral emissive power values spanning the
region either 2.1 to 3-2 microns or 3*9 to 5 microns. The method of
collecting the data is described in chapter 6.
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The data from these scans were processed by a digital computer 
(NCR ELIOTT 4100) and the resultant spectral emissivity was plotted by a 
digital plotter (Bensohn Lehner) in the form of emissivity versus wavelength 
graphs. In addition to the experimental data tape containing these 
spectral emissive power values the following data are required:
the mean temperature for each run, the number of scans for each condition
and the starting wavelength for the scans. The following programme 
written in Algol, with NEAT segments, performs all the calculations 
required.
All Algol programmes begin with a title, see line one pg.119 ,
followed by a declarations list of all the variables used, lines 2 to 4.
These are followed by the procedures which are units of calculations that 
are repeated many times in the course of the programme. By writing 
procedures, the programme is both shorter and more efficient.
When procedure 'KEY' is called, the state of the particular key (from 
1 to 5) is tested and this enables the programme course to be altered by 
the operator. The part of the procedure from lines 8 to 20 is written 
in NEAT (NCR-Elliott Assembler Technique) which is one stage removed from 
machine code. It is used because of its much greater efficiency, both 
in terms of increased speed and reduced storage space. All NEAT segments 
begin with 'CODE' and in this programme^with a semicolon. Each instruction 
is written on a new line, preceded by a ^  character, with^dollar characters 
used as separators. ..
Procedure 'STORE' (A, B, C, P, Q), lines 25 to 6l, reads in numbers 
from a data tape fed to the taôpe reader, stores them in array P and 
stores their squares in array Q. The first member of the array is A, 
the last is C and the interval between successive members is B. For 
example: STOïŒ! (0,1,44, SUM, SUMSQ) will cause the computer to read in 45
numbers from the data tape and store them in successive locations of the 
array SUM beginning at 0 and ending at 44, and similarly store their squares 
in array SUMSQ. The reason for storing the squares is so that the standard 
deviation of each of the 45 sets of numbers can be calculated when several 
sets of data are read into the two arrays.
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Procedure 'CLEAR'(C,P), lines 62 to 79» will set the first C members 
of array P to zero.
Line 80 gives actual values to several real constants that will be 
used later in NEAT segments.
Section 81 to 98 is used to find the absolute addresses in the main 
store of the first member of each array. This enables more efficient 
programmes to be written in NEAT since subsequent reference may be made to 
the absolute address of any array member. If this system were not used, 
then at each call to an array member the absolute address would first have 
to be found - using Algol software - and this.would take time.x. An array 
will have a different store allocation at each run time, therefore this 
procedure is used each time the programme is entered into the computer.
The section marked LABI, lines 99 to II6, sets up and annotates the 
axes on the digital plotter for the emissivity/wavelength graphs. The 
integer K is used as a count variable to alter the character style (cen- 
character) which is used later to plot the emissivity values plotted by the 
rest of the programme. A maximum of six lines may be drawn on any one graph 
and the initial value of.K must be set to zero before any lines are drawn - 
otherwise a non-existant cencharacter may be called.
The beginning of the calculation section is marked LAB2, line 117 and 
each time past this point - for each line drawn on the ghaph the value of 
K is increased by one. Line II8 ensures that all arrays are set to zero.
The message INPUT DATA is typed by the control typewriter to signal that 
the programme is ready to read in from the control typewriter:- the run 
number, temperatures A, B, and C, the number of scans for A, B, and and ^  
Then WAIT is typed and the data tape for the particular set of scans is 
loaded. When sense key six is moved NRA sets of A-type data are read in 
and stored in array A. The value of NRA and NRB is usually 3 and of NRG, 5* 
Thus array A contains the sums of the three sets of A data, this will later
be divided by three to get the mean value of A - under the particular
conditions -' which is used to find the emissivity. Data for B and C are
read in into arrays B and C in a similar manner.
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The variable 'ABBA' is then set to zero, line 127. This is used to 
hold the increasing value of the area beneath the semissivity/wavelength 
curve and it is related to the band emissivity, section 7-05» The three 
temperatures are converted to absolute temperatures - lines 128 to 149 - to 
enable the temperature correction functions FI and F2 to be calculated - lines 
176 to 198 - and then the calculations for each wavelength point are started.
A loop from line I90 to"line 235 is repeated 45 times, once for each point
on the scan. For each such point the absolute address of the particular
member is obtained in lines 153 to I66 by adding twice the integral value. I,
of the array member needed to the address of the first member of the array. 
This is carried out for arrays A, B, C and P. It is added twice because real 
numbers are stored in two successive store locations. The values of NBA,
NEB and NBC are converted to floating point form and stored in W4, W5 and W6 
respectively. Then in lines I76 to 217 the true gas spectral emissivity is 
calculated according to the equation
~ C - A FI 8 " B F2 - A FI
derived in section 4.03 which in the programme notation becomes, :~
KGB - KAB TA
KPB = KBE TB _
“5 ~ w r -
where the mean value for the A point data is given by KAB/W4; and similarly 
for B and 0. '
The exponential absolute temperature correction functions FI and F2 
are written into locations TA and TB which are now no longer needed for the 
particular curve, this saves store capacity in the main programme.
The area under the curve is computed by summing the trapezoidal areas 
between successive points (except on the first trip round the loop) and the 
final area is stored in location ABBA - lines 219 to 229» For convenience 
in plotting, the maximum and minimum plottable values are limited to +1*1 and 
-0.1. Each point is then plotted on the graph - line 234 - or with a line 
joining the points if key 4 is set - line 233. The loop is terminated at 
line 235 and is repeated for the next wavelength point - line 15O - thus each 
trip round the loop represents an increase in wavelength of 0.025 microns.
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Finally temperature C is reconverted to degrees centigrade and 
this is plotted on the graph together with the run number, ABBA and 
cencharacter for the curve - lines 236 to 248.
The programme will- then read in a new set of data and draw 
another curve if key 2 is set ; will draw another set of axes and read 
in a new set of data and draw another curve if key 1 is set; will end 
the programme if key 3 is set.
7.05 Calculation of Band Emissivities
The computer programme finds the area under the curve for a 
wavelength interval of 1.1 microns. Band emissivities emissivity EB
is given by AEEAEB -
and it is these values that are plotted and compared in chapter 9»
7.06 Calculation of Band Emissivity as a Percentage of Total Emissivity
The method used is that recommended by Harrison [II8].
For example, to obtain the percentage of the total emissive power 
of'^  a blackbody for the 2.1 to 3.2 micron band at 300°C, the following 
data are used.
The percentage from 0 to 2.1 micron, EL (say), the percentage 
from 0 to 3.2 micron EH. The percentage for the band EB is then given 
by
EB = EH - EL
Values of EH and EL are calculated for a given temperature and 
wavelength from the equation
EH = F ET
whereET = Total wavelength integrated emissive power 
F “ Fraction of ET for waveband from 0 - 3.2 micron (say).
;
The factor F is a function of the product of wavelength (W) and 
absolute temperature (T) and in fact EH and EL were found as functions 
of W T from data tabulated in reference [II8].
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The percentages for the three wavebands used in this experiment 
nperatures in the 
are plotted in Fig,28 .
for temper range 500^0 to 900°C have been determined and
7.07 Comparison of Total Emissivity Data for Carbon Dioxide
This is an approximate estimation of the total emissivity of CO^ 
based on the measurements made on the 2.7 and 4.3 micron wavebands.
The estimate is arrived at b y summing the product of the band 
emissivity and its percentage of the total emissivity for the three main 
COg bands. This is done as follows* :-
a) 2.7 micron band
This is simply EB ^  ' • : : ' . - - v,
e.g. at 300°C and 103 kPa
AREA- = 0.206 (Appendix 3)
EB = 0.206/1.1 = 0.187
%  = 12,9^ ('from Fig.28 ) -
thus E ^  = 1.29 0.187 = 2.42^
b) 4.3 micron band
It was found from refs [23, 26, 273 that a small fraction 
of the emitted energy from this band lay at wavelengths greater than 3 
micron, for high temperatures. From these data the ratio of the complete 
band emissive power to the emissive power from 3.9 to 5 micron was found 
to be
CR = complete band emissive power _ 208emissive power from 3.9 to 3 micron 193 ”
under the conditions:™ 2830°K, total pressure 2 atm, optical density 
1.12 cm atm and CR = 76/71 = I.07 under the conditions 2630°%, 1 atm, 
0,284 cm atm.
Therefore this was assumed to be the correction to apply.
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Thus at $00^0 and 105 kPa
AEEA = 0.4489 (Appendix 5)
EB, = 0.408 
# = 17.8
correction = 1.0?
thus EB %  " = 17.8 0.408 1.07 = 7.75#
c) 15 micron band
This was not measured, but it is assumed that the ratio of the 
emissivities in the 4.3 and 15 micron bands is the same for the present 
experiment as for refs [25, 26, 273. (It is realised that because the 
temperatures and optical densities are different this may well not be 
true, but for the sake of an approximate comparison it is assumed so).
From the data of the above references, at 4.3 micron, 2Ô50^K,
1 atm, 0.284 cm atm, the complete band emissivity is given as 0.l4l. As 
this is a dilute gas mixture. Beer’s Law is assumed to be valid and this 
emissivity is extrapolated to 0,8l6 cm atm optical density.
EB (0.816) = EB (0.284) = 0.405 (4.3 micron, 2650°K, 1 atm,
0.816 cm atm)
From the same references at: 2300*^ K, 1 atm, O.8I6 cm atm, 
the complete 15 micron band emissivity is given as 0.0793*
At 1950°K, 1 atm, I.65 cm atm, it is 0.173, now correcting this 
to an optical density of O.816 yields
0.173 = 0.0855
Extrapolating linearly with respect to temperature, 0.0855 at 
1950°K and 0.0793 at 2300°K gives 0.073 at 2650°K.
........ . . . i . . — ■ s i  ■
(at 2650°K, 1 atm, O.816 cm atm)
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Returning to the comparison :~
At 500^0 and 103 kPa
EB %  at 4.3 micron is 7.73# (in (b) above)
Thus EB # at 15 micron is 7*75/5.55 - 1-4#
• d) Total emissivity
This is therefore 2.42 + 7*75-*•* 1 *4 = 11-57#
therefore the total emissivity is 0.1157
This does not take into account the weaker emission bands, which 
will tend to make this comparison slightly smaller than the measured values 
with which it is compared in chapter 9-
7.08 Leakage Rate Across Window Seal
It was found at one experiment conducted at 24°C that the time (t) 
it took for the pressure in the test cell to fall from 115 kPa to IO8.I kPa 
was 7 sec.
Then using the notation and equations of section 4.04
T = 273 + 24 = 297°K
k = 1.381 10"^^ erg/°K
' V = 1200 ' cm^
t = 7 sec
n = 2.685 10^^ mol/cm^
P. = 1.013 10^ 115/101.2 dynes/cm^ 6 2(since 1 atm = 101.2 kPa = I-OI3 10 dynes/cm )
Number of molecules at 115 kPa = A
A = molecules
and at IO8.I kpa
' B -  molecules
75
20Therefore the leakage rate = (A - B)/t = 3 10 molecules/sec
20
correcting to NTP gives   Tq—  = 11 cm^/sec2.683 10 ^  --------
of the.test cell volumeThis represents 0
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8.0 Experimental Accuracy
Some assessment of the accuracy of the individual parameters 
measured will first be made and these will then be related to the overall 
accuracy.
8.01 Blackbody
From the geometrical considerations given in chapter 4 and the 
calculations of section 7.01 the emissivity of the shield is given as 
0.99942.
Internal surface emissivity appears to have a relatively small effect 
so the calculated emissivity limits are 0.9982 to 1.0
The main sources of inaccuracy are likely to be caused by temperature 
non-uniformity of the test cell walls and any difference between them and 
the shield. The shield will reflect radiation from the test cell walls 
along the radiation axis and this may in some part compensate for temperature 
differences. Thermocouples laid in slots in the outer surface of the test 
cell are used to measure the temperature of the blackbody. The thermo­
couples give a blackbody temperature measurement to an accuracy of -1.3^K
at ^00^C s e . c . t ( o n  J.OSc) -^his Compare.3 ■fa.vovraUij w,'/4 a thufy>oco<JpU accura^ijof ± 6.S 'K ah 900 "c .
The error in the spectral emissive power of a blackbody at a range of
temperatures is shown in Fig. 29. This gives the estimated error in 
emissive power for a 0.75# error in temperature - see section 8.02 - of 
between 5 and 5#*
8.02 Temperature Measurement
The thermocouples used were manufactured to BS 1827 which lays down
an accuracy of - in the temperature range used.
0*75
A potentiometer box was used to measure the emf. produced by the
thermocouples. A melting ice-water mixture was used as the 0°C reference
junction, and compensating cable was used for all the leads in the thermo­-­couple circuit. The accuracy ofÿfthe potentiometer box reading was - 0.1 mV
which gives an accuracy in temperature measurement of -.0.4# at 500^0,
- 0.27# at 750 and - 0.28# at 900, The total error in temperature .is
therefore about - 1.1#
y/'\> Y\:
16
14
12
10)
Percentage
error
in
W a
for 
1 io error 
in
T 6
Planck equation
error in emieeive power W
for 1 ^ error in temp T
•700.
800
9001000.•11001200
1300
WAVELENGTH
4
microns
ERROR FUNCTION for PLANCK EQUATION m . '  2 9
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A more important estimate is that of the temperature uniformity along 
the test cell; this is deduced from the cell temperature data presented 
in appendix 4. Some random samples of temperature distribution are given 
below ;
Run No. Mean. Temp. " X 100 Gas Pressure■ Tm Tm
kPa
1 547 1.1 34.5
10 519 1.1 103
20 816 0.74 34-5
26 800 0.88 207
42 A 912 0.77
B 920 0.76
C 955 0.54 54.5
52 510 1.4 690
55 500 1.2 690
64 708 0.42 690
72 775 0.65 34.5
80 766 1.22 690
90 902 0.65 103
100 912 1.55 54.5
108 900 7.1 690
The results show that the uniformity is around - ']% along the cell 
with lower uniformity associated with the high temperature high pressure 
runs» This latter effect is due to the relatively large nitrogen flushing 
rates necessitated by gas leakage through the hot window seal. The 
flushing nitrogen flows around the test cell and alters the heat transfer 
to it, and in particular raises the temperature of that part of the cell 
furthest from the cold window. It is also probable that the temperature 
difference between the test gas and the thermocouple is increased because 
of the nitrogen flow.
8.03 Pressure
The absolute pressure of the test gas was measured with a Bourdon 
type gauge of stated accuracy Î ^  FSB, over the range 10^ to FSB.
This reduces to ~ 3-43 kPa on all ranges, which is - 10^ at 34.5 kPa and 
i 0.5% at 690 kPa. The gauge was compared with a standard gauge and no 
difference was measurable.
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8.04 Gas Concentration.
This was measured using gas chromatography methods by the 
Analytical Services Department at BCURA. Accuracy of measurement is - 0.
However, because of the gas leakage problem the accuracy of 
composition within the cell during a run is likely to be much less than 
this, and may be in the region of 10 - 20^. This has been the major 
experimental problem and has not been fully overcome as yet. In order 
to reduce the uncertainties in composition, a small gasfglow was 
maintained - especially at the higher absolute pressures - and whereas this 
tended to correct the composition, it made temperature measurements more 
uncertain.
The gases used were commercially available ’high purity’ standards 
and as can be seen from the results of the analyses - appendix 4 - the 
impurities never totalled more than 0,5%. In samples 6, 7 and 13 the 
relatively high percentage of oxygen is probably due to poor sampling 
technique allowing air to be drawn into the sampling bottle. The high 
percentage of nitrogen in samples 1,2, 4, 5? 13» l4, 15 and l8 is due to 
nitrogen entering the test cell from the pressure vessel. The sampling 
technique was designed to reduce this flow but it is thought that most of 
the nitrogen entered at this stage. Some gas would have diffused into 
the cell during the run, which is why the runs were started as soon as it 
was thought that thermal equilibrium had been reached - usually after 2  ^
to 3 minutes.
8.05 Path Length
This was measured with a steel rule (not temperature calibrated) 
to - 2 ram and the hot length calculated according to the standard linear
expansion expression - section 7*02. The estimated accuracy is in the
order of -
8.06 Spectrometer and Data Handling
The spectrometer repeatability is claimed to be 0.004 micron, which 
at the blazed wavelength of 2 micron indicates an accuracy of - 0.2% on 
the wavelength drum. Emissive power was measured at 0.025 micron intervals 
with a timed accuracy of 0.3% which represents a wavelength error of only 
- 0.008% at mid-scale.
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A digital voltmeter (DVM) measured the emissive power signal from 
the spectrometer detector and this was subject to noise pickup. Fast 
noise was reduced by a factor of three by shunting high frequency signals 
to earth via capacitors connected to the input terminalsof the chart 
recorder - which was connected in parallel with the DVM- The DVM range 
scale was adjusted to give maximum digital readout - for A, B and C data - 
and this was transferred to the tape punch with zero error. The numbers 
punched on the tape - representing emissive powers - ranged from 1250 to 
10 with an accuracy of - 1 digit in the units column i.e. - 0.08% to - 1C^. 
The lower numbers represented the condition of emission from the empty cell 
and as this appears on both the numerator and demoninator of the final 
equation its overall effect will be less marked.
All calculations in the digital computer are made to eight significant 
figures, so the accuracy of calculation will be very high. Similarly the 
digital plotter accuracy for the graphs in appendix 5 is - 0.1%.
8.0? Overall Accuracy
The overall accuracy of the experiment was improved by taking multiple 
readings for the A, B and C data. Three sets of data were taken for A and 
B and five for C, this increased the statistical accuracy by-the factors 
shown below.
Let X = accuracy of each sample of data 
n = number of data 
X - overall accuracy
then: x = - ^  therefore x ^ (%)i and this
(n)? ^
is the factor by which the accuracy is improved for multiple data sampling.
This gives the following improvements:.
Data No. of readings Accuracy improvement factor
A 5 ' 1.7
B 5 1.7
C 5 2.2
Band 45 6.7emissivity
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Because no equation relating the various parameters measured can 
predict the spectral or band emissivity, the error function cannot be 
derived and so the combined effect of the measurement errors cannot be 
calculated.
From the results presented in chapter 9, the effect of temperature 
would seem less important than pressure - especially at the lower pressures - 
and less important than gas concentration. The accuracy of gas 
concentration is the least satisfactory and this will tend to limit the 
accuracy to an order of about - 10%.
8.08 Repeatability
This assessment is made by measuring the emissivity ordinates on the 
graphs in appendix 5 for run conditions that are reasonably close together. 
The results of the assessment are tabulated below.
Run No. Temp. Pressure % COg RepeatabilitykPa
45 774 690 100 10^ to 6%
52 745 fT II
52 1001 34.5 50 5% to 6%
57 1003 M It
55 1007 207 55 5% to 15%
58 1047 Tl II
59 1018 207 69.5
40 1052 It II 5% to 10%
4l 1026 II II
The repeatability varies from one wavelength to anoth'er and 
for some wavelengths the emissivities are equal. The figures in the 
table above show the mean values of the mximum differences.
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9.0 Presentation and Discussion of Results
9.01 Presentation
The emissivity measurements were made on the gases under various 
temperature, composition and pressure conditions, for two wavebands and 
one path length. The conditions were :
Temperature; 500°G 750°C 900°C
Composition: % CO ) 100 ) 66.6) 33.3) 0 )
»' % CO j 0 j 33.3) 66.6) 100 )
Pressure: (absolute) 34.4 kPa IO3 kPa 207 kPa 69O kPa
Wavebands: 2.1 - 3-2 micron 3*9 - 5.0 micron
Length of test cell 64l mm (see section 7-02 for temperaturecorrection)
All the experimental data are.presented in appendix 3, together with 
.emissivity versus wavelength graphs for each run which were plotted from 
this data by the computer and digital plotter.
In order to compare the results with those of other workers and to 
determine the effects of the variables chosen, the band emissivities were 
calculated - as described in chapter 7 - and these will now be examined.
Discussion of Band Emissivity Results
The effects of varying the experimental conditions are discussed 
first and the results are then compared with published data.
9.02 Effect of Pressure
Band emissivities have been plotted versus pressure, see Fig. 30 
to Fig.31 . The general trend is for a rapid increase of band emissivity 
as the pressure increases to 200 kPa with a smaller increase as the 
pressure rises to 69O kPa. _ Not all the curves show the same pattern, but 
this may be in part due to experimental error - this is worst at the 
maximum pressure because of the cooling effects described in chapter 8 - 
and partly due to the temperature effect described below. The lower 
temperature runs follow the trend more closely. '•
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Examination of the graphs in appendix 5 gives a clue to an explanation 
of this trend. At the lower pressures, the effect of raising the pressure 
is to increase the band height significantly, but at the higher pressures 
the effect is much less marked. At the lower pressures the radiation from 
all molecules can reach the detector and by increasing the pressure 
radiation from a greater number of molecules is received. As the number 
of molecules increases the radiation from the furthest ones does not reach 
the detector because of interactions with molecules closer to the detector 
and therefore increase of pressure has less and less effect until the 
spectral emissivity reaches the maximum value of unity. Accordingly, one 
would expect an asymptotic increase.to some particular band emissivity 
dependent on the other emitting condition parameters.
Appendix 5 also shows another effect, that of band broadening. 
Radiation from gases occurs as band spectra because each of the main 
vibrational quantum levels is associated with several quantized rotational 
energy levels, as outlined in chapter 2. Increase of pressure perturbs 
the energy levels by very slightly shifting the absolute energy levels so 
that there are more possible transitions and thus more, but less intense, 
lines. This would have the effect of producing wider and lower emission 
bands. The bands observed are in most cases higher at the higher pressures, 
particularly for CO and the 2.7 micron 00^ bands. (This may be because it 
is now possible to have more molecules interacting at the now increased « 
number of emission frequencies).
The resultant effect of increasing gas pressure would be to increase 
the band emissivity quickly at first due to increasing the populations of 
the original frequencies, and more slowly thereafter as new frequency levels 
are established.
In comparing the results for the 2.7 and 4.3 micron bands it could 
be inferred that the second effect is more pronounced in the 2.7 band than 
in the 4.3 band.
8 6
9-05 Effect of Temperature
Band emissivities are plotted versus temperature on Fig.32 and 
Fig. 33, but the effect of temperature may also be seen in Fig. 30 and 
Fig 31. It is not as easy to determine the effect of temperature because 
it was not possible to set the temperature as accurately as the pressure 
was set. “
The results show that temperature has very little effect on the
2.7 micron band, that is for the range 500-~ 900°C- There is a just 
perceptible trend, showing an increase of emissivity at the higher 
temperatures, but this cannot be definitely stated because of the limits 
of accuracy of the experiment. In the case of 4-5 micron band there is 
a trend of decreasing emissivity with increasing temperature. Fig3 2 shows
that the decrease is continuous from 500 - 900°0 and F&g-» indicates that 
this decrease.is sharpest at temperatures in excess of 800°C.
The Wien displacement law predicts how the peak intensity of the 
blackbody emissive power curve shifts towards higher frequencies at higher 
temperatures. This is shown in Fig.28 in chapter 7 where the percentage 
of the total emissive power in the given bands is shown as a function of
temperature. Reference to Fig.28 shows that for blackbody emission one
would expect an increase of emissivity for the 2.7 micron band as the
temperature is raised, but a decrease for the 4.5 micron band from a maximum 
value at 570°C« Although the evidence is not conclusive, the present 
results and the Wien displacement law predictions tend to follow the same 
trend. The graphs of Fig32/3show that as the temperature is raised, so 
a smaller proportion of molecules have the right energies to give rise to 
quantized emission in the infrared bands. In the case of the 2-7 micron 
band the temperature has not risen enough for this to have occurred.
A secondary temperature effect is that of molecular concentration 
change. The molecular gas concentration (N) is proportional to pressure(P) 
and inversely proportional to temperature (T).
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Increasing the temperature at constant pressure therefore has the 
tendency of reducing the peak intensity of the emission band, countering 
the Wien effect in the 2.7 micron band and supplementing it in the 4.3 
micron band.
Band broadening depends on temperature as well as on pressure and 
is also caused by perturbing the energy levels, this time by increasing 
the kinetic energy of the gas rather than be increasing the collision 
frequency. Examination of the curves in appendix 3 shows that temperature 
and pressure broadening are comparable for the 2.7 micron band, but that 
for the 4.3 micron band pressure broadening is more significant.
9.04 Effect of Gas Composition
This is the least satisfactory correlation because gas leakage 
and chemical reaction made the gas composition uncertain. The window « 
seal was not' absolutely gas tight and at 690 kPa there was a significant 
gas leakage from the test cell because the gas density was highest under 
these conditions. This meant that the test gas had to be continuously 
admitted to the test cell and nitrogen purging was necessary through the 
pressure vessel, both procedures lowering the standardisation of the 
experiment especially with regard to concentration.
A carbon monoxide/carbon dioxide interchange reaction was found 
to occur on the walls of the test cell [54] with the result that 100^ of 
CO could not be achieved, and that the composition within the test cell 
was not the same as that in the reservoir cylinder. This situation was 
worst at 900°C. The effect can be seen on the graphs in appendix 5, 
where the CO^ tends to swamp the emission from the CO. .
9.05 Effect of Optical Density
The dependence of emissivity on optical density (partial pressure x 
path length) is difficult to measure because gas mixtures were used and 
these have the effect of causing mutual foreign gas broadening, and also 
mask the band being investigated due- to spectral overlap. The lower 
accuracy of composition measurements also, confuses this effect-
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9.06 Differences between the two Wavebands
The main difference between the two wavebands is in their 
dependence on temperature, and this is discussed in section 9-03®
The pressure dependence of the two wavebands is similar- but it 
could be inferred that the 2-7 micron band reaches its asymptotic 
emissivity limit at pressures in excess of 690 kPa.
9.07 Comparison of Band Emissivity Results with Published Data
There are few published data with which the present results may 
be compared.
a) Abu-Eomia and Tien Cl3 published results for purecarbon monoxide 
and band emissivities deduced from these data results are plotted with 
the present results in Fig.34 . Because the test gas was contaminated 
with carbon dioxide the present emissivities are greater than the 
published results C'l, 2]. This is most marked in the 2.7 micron band 
indicating that the ratio of the emissivities of the two gases is greater 
for the shorter wavelength band. The difference in temperature 
dependence on the 4.3 micron band might be due to variations in carbon 
dioxide content.
b) Ferriso, Ludwig and Acton [23, 2^, 273 published data on 
carbon dioxide band emissivities for the 2.7, 4.3 and 15 micron wavebands, 
The data were obtained from measurements on a supersonic rocket burner.
The conditions lie outside the range of the present experiment, but
their results will be made use of as explained later.
c) There are no data on carbon monoxide/carbon dioxide mixtures.
d) The data of Hottel and Manglesdorf [403 for wavelength 
integrated (total) emissivity of carbon dioxide are regarded as standard,
and it was thought worthwhile attempting to compare the present data
with them. Of the three major emission bands for carbon dioxide 2.7,
4.3, 15 micron, only the 2.7 and 4.3 bands have been measured in this 
experiment. For the purposes of this comparison it has been assumed 
that the ratio of the band emissivities at 4.3 and 15 micron is the « 
same for the present experiment and for the data of Ferriso et al. 
Furthermore, some 7% of the 4.3 band emission was found to occur at 
wavelengths greater than 5 micron on the basis of Ferriso's data and
the recorded emission from our experiment has been raised by this amount,
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but only for this comparison* The calculation is outlined in chapter ?•
It should be noted that the micron band emits a, maximum possible 
emissive power of (>% of the total blackbody emissive power (at ^00°C), 
whereas the 2.7 and 4.3 bands emit 13^ and 18^  respectively (also at 300°C). 
This represents the greatest effect of the 15 micron band.
The comparison"is shown in Fig. 35 where it will be seen that the 
emissivities derived from the present data are low compared with Hottel*s 
data. However, the trends are comparable and both data are of the same 
order of magnitude. Hotell's data [40] show a decrease in emissivity at 
the higher temperatures and also a curious oscillation around the 500°C 
region. This latter is probably caused by the blackbody percentage 
variation of the 4.3 micron band (Fig.2 8) and shows the importance of this 
band on the total radiation. The decrease of emissivity as temperature 
is raised also supports the trend observed in this experiment (Fig. 3 5).
The emissivity value of 0.243 at a presssure of 690 kPa may be an 
erroneous result so that it could be imagined that the 750°C temperature 
curve (Fig.35 ) may not rise as steeply as shown, and similarly that the 
maximum on the 69O kPa curve may not be quite so marked. , There is a 
difference of l8^ between the two sets of data at 34.5 kPa but this becomes 
3^^ at 103 kPa and 40^ at 20? kPa.
In the comparison the emissivities of Hottel and Manglesdorf have 
been corrected for the effect of pressure according to the correction 
factor given in ref [108] referring to a paper by Hottel and Egbert [43]. 
This correction factor was derived by Hottel and Egbert from various 
published band absorption data (1910 - 1913) on the assumption that 
partial pressure and total pressure are interchangeable in their effects, 
for any given value of optical density- They acknowledge that increased 
pressure broadens lines and the results of this experiment indicate that 
this has a significant effect, so that the assumption of interchangeability 
may be incorrect- In fact Hottel and Egbert state that the correction 
function is highly questionable and expect it to be discarded when more 
reliable data become available, but that in the meantime it may be better 
than no correction at all. The dotted curves on Fig.35 represent a plot 
of the relevant Hottel and Manglesdorf data without the pressure 
correction factor being applied.
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The shape of the curves is now closer to those of this experiment 
but the difference is in the order of y^% at all pressures» Whilst 
there is insufficient evidence in this experiment to contradict the 
Hottel“Egbert pressure correction, the implication - based on the curve _ 
shapes - is that the correction is unreliable. The difference between 
the two sets of data implies inaccuracies in the present results- It 
is considered noteworthy that the comparison with the data of Hottel and 
Manglesdorf is so good. The effects of the combination bands have not 
been considered, and these may make a small contribution to the 
difference between the present results and those of Hottel.
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' 10.0 Conclusions ^
The emissivity of various mixtures of carbon dioxide and 
carbon monoxide has been measured by a novel method using a static 
gas system and an in-situ blackbody reference source. The apparatus 
is described in chapter 5 and the method of measurement in chapter 6.
A theoretical justification for the method used is presented 
in chapter 4 and the results of all measurements are detailed in 
Appendix 4- Emissivities calculated from the measured data are 
presented in graphical form in Appendix 5® The results compare 
favourably with published data - as discussed in chapter 9 - and the 
method of measurement is shown to work.
The method adopted has the great advantage that the test cell
is calibrated for each emissivity measurement and can be applied to any
spectral region for which the windows are sufficiently transparent.
Spectral values may be taken at any desired regular frequency interval.
The accuracy of measurement was adversely affected by gas leakage across
the test cell window seals and this is estimated to have reduced the
accuracy to the order of - 10^, depending on pressure. Improvements
in the seal performance should markedly reduce this error and
experiments reported to the author by Ceramel Ltd. indicate the
possibility of direct brazing of rnqgnesivw gxidg^&,fth$swindow material <3S 0 window))
c o u U  W  used A)to a metal support flange. This would of course eliminate gas 
leakage.
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APPENDIX 1
The Theoretical Estimation of Gag Emissivitiea
Calculation of gas emissivities under specified conditions is possible 
if the molecular constants are known and if the mathematical model chosen is 
valid under those conditions.
Professor 8.8. Penner presented a series of papers on the calculation 
of gas emissivities for diatomic and polyatomic molecules between 1950 and 
1954.
In the first paper [66] an approximation method using average 
absorption coefficients^ based on the effective bandwidth, islproposed. These 
approximations are justified only at hi^ total pressures and short path 
lengths - of the order of a few mm. Under these conditions the spectral 
half width is no longer small compared with the rotational spacing and there 
is no interference between the molecules. The following data are required 
for the calculation :
1) The number of molecules in eacdi of the various possible energy 
levels. Under conditions of thermal equilibrium this is a 
calculable function of temperature.
2) The transition probabilities for each of the possible energy 
transitions.
3) The frequencies corresponding to each of the energy transitions.
4) The energy transitions which are possible.
5) The spectral line shape as a function of temperature and pressure. 
However, in this approximation the restriction that the total pressure is 
high enou^ to cause extensive line overlap removes the need for exact 
knowledge of line shape. The line shape is altered by collision or pressure 
broadening.
Data showing the temperature dependence of the effective band half 
width for carbon monoxide are presented. From these data a graph showing 
the total emissivity of CO as a function of temperature for an optical depth 
of 5 ft**atm has been drawn.
Further support for the simplified method is given in a paper by 
Penner and Weber [67] where it is emphasised that the results are only valid 
for overlapping line, conditions •? i.e. high pressure, the methold does not 
work for atmospheric pressure conditions.
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At atmospheric pressure and 300 K the lines do not overlap and a 
different method of calculation is used [69]. This depends on considering 
complete separation of the lines and is simplified by assuming them to be 
equally spaced and equally intense. A more exact solution can be obtained 
by using asymptotic relations for large values of modified Bessel functions.
The dependence of emissivity on partial pressure x path length (p x 1) for 
small values of p x 1 has been shown to hold (it is proportional to the 
square root of the assumed rotational line width). It is noted that it is 
very inaccurate to extrapolate over large temperatures or p x 1 ranges. 
Calculations based on assumptions of non-overlap between collision broadened 
lines [70] shows poor agreement with the experimental values of Ullrich at 
high temperaturesO*4].This indicates either errors in the description of line 
Widths or unreliable experimental data. It is suggested that the experi­
mental data may not be entirely satisfactory because air diffusion into the 
CO would produce CO^ and only a small amount of this would cause large errors 
in total emissivity due to the large value for the integrated absorption of 
vibration-rotation bands belonging to COg.
Emissivity of COg as a function of optical density has been calculated [?/]
for temperatuies of 300 and 600®K. Extensive line overlap has been assumed
and this appears valid for pressures greater than 1 atmosphere. If the
necessary spectroscopic data are available reasonable estimates of COg
emissivity can be calculated. In a further paper [72.] Penner and Thomson
show that estimates of absorbtivity of HgO for black body radiation can be
made, but not for COg. The limits of validity of the effective band width
model are assessed for different gases. In general the model does not apply
at very low or very high pressures or optical densities, i.e. where the
rotational fine structure is not smeared out or there the intense rotational
lines near the band centre have an appreciable intensity outside the effective
band width. . . . ,against of\tccal a& n s it^
Graphs showing ratios of calculated/observed absorbtivitiesj^for HgO 
indicate good agreement between the calculations and an empirical formula 
due to Hottel with the experimental results of Hottel and Egbert.
Some experimental work done to verify theoretical relations between 
absorptivities and emissivities of CO has been reported by Oppenheim 11?^.
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Total absorbtivities were measured between 300 and 500^K and total emissivities 
between 300 and 1600^K at pressures from 0 to 3*55 x 10^ Pa. ;
It was stated that at pressure greater than l8 atmospheres and optical 
depths exceeding 1 cm-atm the rotational fine structure may be ignored [68] 
and this leads to a formula similar to that presented by Penner and 
Thomson [72]. Assumptions of overlapping ii&s are not valid at temperatures 
greater than 900^K since the number density of emitters is low end half width 
is small compared with that at room temperature; nor are they valid for 
optical depths less than about 10 cm-atmospheres# The effect on emissivity 
of the nature of the pressurising gas is mentioned, argon giving rise to 
greater emissivity values than helium (probably due to its greater atomic mass).
This work has been summaidsed and extended by Penner in a section to be 
published in the Handbook of Heat transfer [*°il and in Quantitative Molecular 
Sprectroscopy and Gas Emissivities [ m ].
Spectral emissivity calculations have been made using several different 
mathematical models by Plass [77^ , 7-3^ 9-9], In general, the best model to use 
can be chosen if the number of spectral lines in the frequency interval 
concerned and their frequency distribution are approximately known [77]. In 
this way the range of applicability of calculation methods can be extensive, 
as different models can be used for different parts of the range, in particular, 
they are applicable to: strong lines, weak lines and non-overlapping lines, or
a cosmbination of these [7 8]. These calculations are applied to the case 
of the 4.3 V- band of COg [79]. In these calculations the model chosen was 
related to the temperature band under consideration, in particular the over­
lapping line model was used at the higher temperatures. The emissivity of 
the gas can only be accurately calculated from the line intensity and line 
spacing, when the centre of the line en^ ission is a small part of the blackbody 
radiation and these lines do not overlap; conditions which do not often occur 
in gases and in the more usual cases the effects of overlap have to be taken
into account by the correct choice of band model. Plass presents emissivity2versus wavelength curves but in this case correlates the emission with p x 1, 
instead of the more usual p x 1, because the emission is a function of pressure 
as well as optical ÿepth. Beer's Law is held to apply to gases at constant 
temperature and for single lines or narrow wavelength bands, not the broad 
bands that are sometimes quoted. Data of emissivity vs. wavelength for 
temperatures in the range 300 to 2400®K and of emissivity vs. temperature for 
several wavelengths (at constant p^ x 1 of 100. atm^ cm) are given. % e  
results are compared with measured values given by Tourin [//5].
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Mallcmus [ 5 I ] [ S 2 ]  and Malkmus and Thomson CsoQ have also calculated 
the spectral emissivity of respectively COg and CO. An enharmonic vibrating- 
rotator model was used for the case of diatomic CO. This was calculated 
for temperatures in the range 300 to 7000^K. It was found that the spectral 
emissivity decreased as the température increased, for a constant value of 
p X  1.
Penner and Varanasi 112] used a simplified procedure involving the 
use of symmetrical band contours and intensity estimates derived from 
harmonic oscillator lapproximations. Agreement with experimental data and 
other more accurate calculations is stated to be excellent.
The spectral emissivity of COg at low temperatures, 150 to 600®K, and 
low optical depths has been calculated by Gray Cb 5] using a quasi- 
statistical band model. This work was carried out in order to be able to 
estimate atmospheric transmission in planetry atmosi^eres. The results 
agree with meowed values of Tourin [%].
Several other calculation methods for gas absorbtivity have been 
noted. Abu-Bomia. and Tien [ 3 ] calculated the absorption coefficient for 
CO at high temperatures, 300 to 1500°K, and Oppenheim and Goldring 
calculated line strengths [56]. Oppenheim and Ben Ayreh have woxked on COg, 
as have Kaplan [45], Eggers [22], OverOnd [&*] and Gray [36].
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APPENDIX 2 
Literature Survey for Related Topics
This section will deal with emissivity of water vapour and other 
gases and will briefly refer to pressure broadening, absorption data and 
different methods of stimulating gas emission*
Schmidt [9o] measured the total radiation emitted by water vapour at 
temperatures up to 1000®C, and presented the results in graphical form 
showing emissivity versus path length for a number of temperatures. He also 
showed spectral absorption bands in the range 0.8 to 30 micron. A blackened 
thermopile was used to measure emissive power but no correction for radiation 
interchange between the thermopile and gas was made and the results have 
been questioned by later woikers.
Hottel and Egbert [43] measured total emissivity and total absorptivity 
for water vapour at atmospheric pressure and temperatures up to 1000°C. They 
then correlated their work with data from other workers by assuming an ideal 
state of zero partial pressure and plotting emissivity vs temperature for 
various values of partial pressure. Another graph allowed for the effect 
of finite partial pressure on emissivity.
Ferriso et el [28] measured total emissivity of water vapour at 
1000°K and 2250^K. The results agree well with those of Hottel [4-3] in a11 
but the very smallest optical densities (less than 0.2 cm atm) - vâiere 
direct comparison was not possible^under these conditions Hottel*s data
would indicate that emissivity depended on the relative proportions of water 
vapour and foreign gas broadeners. Collision broadening does not affect 
emission from dilute gas mixtures because the peak intensity is reduced as 
the line width increases thus keeping the total emission constant. Thus 
the emissivity should depend only on the concentration of water vapour and 
the gas temperature [28].
The spectral emissivity of water vapour has been measured in the 
1.9 micron band [32] the 2.7 micron band [32] [95] [24] and the 6.3 micron 
band [47]. Fenner and Varanasi [75] have used a simplified procedure to 
calculate the total emissivity, which leads to results agreeing closely with 
experimental data. Similar work was done by Penner Sulzmann and Ludwig on 
nitric oxide [73].
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Csœbon dioxide and water vapour have been studied separately and 
together in the 2.7 micron band by Tourin [97]. Total and band emissivities 
have been calculated from semi-empirical expfessions for methane by Lee and 
Happel [46],
Ludwig and Ferriso formulated a method of predicting the effect of 
nitrogen broadening and self broadening on the total emissivity of water 
vapour at 600 - JOOO^K with optical depths of 0.1 to 10 000 cm atm. [360.
Many data have been published for absorption of electromagnetic 
radiation by gases held at different physical conditions. Emissivity data 
can sometimes be deduced from these data, and often the apparatus and 
experimental techniques are useful. Therefore a brief mention is made of a 
sample of these papers.
Measurements of absorptivity of hot &ases have been made by 
Goldstein [33], Ferriso et al [29], for water vapour Tourin [99], Ferriso [23] 
and Gray [34], for carbon dioxide. J. Overend is developing a technique 
for determining integrated vibrational intensities as a function of 
temperature using a test cell with water cooled windows. This has the 
advantage that the cooler a window may be kept - the more transparent it is.
It is necessary to measure accurately the temperature profile of the test 
cell [/^ 6],
High spectral resolution measurements have been reported by Adel 
and Dennison [4] [5], Madden [48], Herzberg [38], France and Dicky [31],
Maki et al [49], Rossraann et al [57] and ELyler [8o] [81] [82], In addition 
there are many papers reporting measurements of molecular constants of gases 
etg. Barker [9], Burch [14], Adel [6], Whitcomb [/03], Cameron [/7] and 
Winters [/°K%. These data are used to gain a greater understanding of the 
mechanism of molecular gas interaction with electromagnetic radiation.
The transmittance of water vapour has been measured by Stauffer [93] 
in the l4 to 20 micron range and the rotational spectra of carbon monoxide 
at 100 to 600 micron has been measured accurately by Palik [6/J, Gr^ riak 
and Shaw measured the total absorption of carbon monoxide at 4.7 micron held 
in two cells vAiose pressure and CO concentration was independently varied [37] 
Walk [/o^ and Tsao have measured the effects of pressure (collision) 
broadening.
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Several workers have made emissivity measurements on gases using 
shock tube heating. By this means the gas is rapidly heated to a high 
temperature and pressure by the shock front and measurements are recorded 
by high speed detectors. Temperatures as high as 3000®K can be reached, 
and the gas composition and path length are accurately known [)8] C/3] [76],
Patty and Williams have developed a system of pressure modulating a 
gas whereby the temperature and pressure are cycled at a frequency of 8 Hz. 
This raises the gas temperature without raising the cell temperature as much* 
Compression ratios of up to 6:1 were mentioned and ranges of ' several 
hundred degrees have ; be ex achieved*, [63] [64] [65]
A method of measuring transmittance that could be extended to gases 
was described by Paxker [62] and a long path length cell for absorption 
measurements by Burch [/5],
Several papers have dealt with heat transfer from gases e.g. radiation 
from non-luminous gases [39] by Hottel^ from non-isothermal non-gray gases [21] 
Edwards, the effect of gas flow patterns on heat transfer# Hottel [4-4]^ and 
methods of extrapolating from laboratory results Babrox [8]. Correlations 
for heat transfer by non-luminous gases to gray furnace walls have been 
presented by Sharan [92]. A correlation for total band absorptence has 
been published by Tien and Lowder [95]. Methods of measuring emissivity 
of carbon particles in rocket exhausts [f2] and of hot solids bodies [94]
[53] are also of interest.
Data on hot window transmission is scarce but some data by 
Oppenheim [59] give measurements for hot magnesium oxide.
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APPENDIX 3 
Development Section
This section will deal with some of the main problems encountered 
and the way in which they were overcome.
1) General, design considerations
The use of a test cell with hot infra-red transmitting windows was 
chosen because it allowed a static gas system to be used. With a static 
gas system much more precise measurements of temperature, pressure, radiation 
path length and gas concentration can be made, than with flowing gas systems 
such as that of Hottel and Manglesdorf [40]. Emission measurements were 
made in preference to absorption measurements, because the latter require 
a radiation source of highly stable output.
The emitted radiation from the test cell is modulated by a vane-type • 
chopper for two reasons. The resulting a.c. electrical signal from the 
detector is more easily amplified th^= a d.c. signal would be because of 
d.c. amplifier drift which is difficult to eliminate. By using a modulated 
radiation flux signal on the detector, any temperature dependent drift of 
the detector will be eliminated, for feven if the mean signal level changes 
the amplitude of the a.c. component is not affected. It is this a.c. 
component that is fed to the amplifier, the d.c.level is effectively blocked 
and thus if it changes it will have no effect on the final signal.
There are several reasons for using a spectrometer to measure emitted 
radiant intensity. Spectral emissivity values are much more meaningful than 
total values because the spectral blackbody emissive power is strongly 
dependent on wavelength so the relative percentage of energy emitted in any 
wavelength region depends on the temperature of the emitter. Gases are 
band radiators and under some temperature conditions certain bands may be ' 
neglected, for example the 13 micron band of 00^ can only have a maximum of 
3^ of the total blackbody emissive power at temperatures greater than 300°G, 
whereas the 2.7 and 4.3 micron bands can contribute about 10^ and 13# 
respectively. From these figures it is seen that if total emissivity values 
were to be measured, the emissive power faction would approach the experi­
mental accuracy.
The windows used all have wavelength dependent transmission and this 
must be taken into account, the best way of doing this is by spectral 
measurement. ,
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Solids surfaces are not always grey and when considering radiation 
interchange (especially with gases) it is important to know the wavelength 
dependence of emissivity.
Another strong advantage is that absorption band interference due to 
water vapour and atmospheric CO^ can readily be detected and appropriate 
remedial action can be taken.
2) Development of test cell
To prevent the stainless steel window holders from galling in the 
Inconel test cell, a molybdenum disulphide based anti-scuffing paste has 
been successfully used.
At one stage it was intended to mount a plane mirror in place of the 
reeir window of the test cell so that the detector was focused on itself — 
and the cell length effectively doubled. An optically flat silica blank 
with a vacuum coated layer pf platinum was first used. This proved useless 
because the platinum * jumped off* when the disc was heated. A three-point 
mounting holding a p&lished rhodium mirror was then tried, but alignment of 
the system proved impossible and a two-windowed test cell was finally used.
The optical properties of available window materials are summarised 
in -Pablo Fig 3  G . Irtran 4 was chosen first as it has the widest wavelength 
transmission. It was originally hoped to examine the 15 micron band of CO^. 
However, this material oxidised too readily at 500°0 and was therefore 
unsuitable.
A 6 mm thick sodium chloride window was tried at 500^0 and wais fairly 
successful. Some surface attack was apparent but the window failed because 
it allowed the sealing ring to sink into the crystal surface.
Calcium fluoride was then chosen. Windows of 1 mm thickness were 
initially specified, to minimise window emission. At this thickness the 
windows were not able to withstand the stresses involved and windows of 2 mm 
thickness were then used. The transmission is not seriously impaired by 
doubling the thickness because the major loss is a surface reflection loss. 
These windows have been used successfully. The temperature limit seems to 
be in the region of 950^0. To minimise the chances of window oxidation the 
pressure vessel and test cell were filled with pure dry nitrogen whenever 
the test cell contained hot windows and was not being used.
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One of the major problems was the development of a high temperature 
seal suitable for the brittle crystals used. In general no one has solved 
this problem, the seal developed in this research still allows leakage rates 
of 11 cm^/sec at N.T.P. under a differential pressure of 14 kPa. This is 
adequate for the low pressure runs, but at pressures of 700 kPa there is 
sufficient gas lealcage to cause spectral absorption when the gas reaches the 
cooler regions of the pressure vessel.
The usual sealing methods fall into three classes, glued joints, 
brazed seals and mechanically held metal to ceramic seals. . Brazed seals 
• reqùire wetting of the window by the braze and calcium fluoride is not wetted 
by any suitable brazing alloys. Glued seals seem doubtful as few adhesives 
combine the characteristics of high temperature service and plasticity.
An attempt was made to use a copper sealing ring but it was too hard 
and oxidised too easily. Gold was tried next because it is soft, has a high 
melting point and is unreactive. Gold seals have been found satisfactory and 
it is noted that after prolonged use at 500^0 the seal’s performance improves, 
showing that creep of the metal fills surface irregularities. An annealed 
gold ring with a cross-section diameter of 1.53 mm has been used. The ring 
is bonded into a groove in the stainless steel window holder using a silico- 
. ceramic bonding agent (Durock 0900)^ This is fired at SOO^G for 15 rain.
After coolingythe ring is machined in situ and polished using silicon carbide 
grinding paste of first 200 mesh and then 600 mesh.
Because of the brittle nature of the crystal windows used, it is 
necessary to use a narrow ring of spun alumino-silica ceramic paper (lïberfrax) 
concentric with the gold ring but on the other side of the crystal. Separate 
tests showed that this fibre ring should be the same width as the gold ring 
to minimise bending stresses.
The effects of thermal expansion are dealt with by using a concentric 
tube seal loading device. This is described in a note by Pumraell and 
Clutterbuck [53]. Either helical springs or a gas pressure loading system 
ELpply a constant seating force which is independent of expansion or.
,contraction of the window.
3) Optical system
Vignetting is the main problem and this is caused by the extreme 
length of the optical path 1.22 m. In order to circumvent vignetting field 
limiting stops and aperture slits are necessary.
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The entrance slit of the monochromator acts as a field stop (where 
‘the first image is formed) and this limits the field of view of the detector* 
The adjustable slits of the monochromator form the width limiting stop and 
after some experiments it was found that a pair of slits is needed to limit 
the image height, these latter are referred to as the field slits*
The experiments showed that the combination of a field slit of hei^it
1.5 mm with circular collimating stops of 19 mm diameter at the plane mirror 
and at the cold window are satisfactory* These stops collimate the beam 
seen by the detector to 25 mm diameter as measured at the target end of 
the test cell* The measurement is made by back-projecting light through 
the monochromator and viewing the illuminated area at the target end of the 
test cell* The beam divergence is approximately 9 min of arc*
A blackened water-cooled target is used to minimise the radiation 
passing through the rear window of the test cell (towards the detector)#
To eliminate the effect of spectral absorption caused by atmospheric 
carbon dioxide and water vapour, the monochromator and mirror box are 
flushed with high purity nitrogen. Black painted polystyrene blocks are 
shaped to fill all unwanted space inside the mirror box so that the volume 
to be flushed is a minimum* ;
The recorded intensity from the detector is proportional to the 
square of the slit width Fig .3? . With the stops used, the slit-image 
does not overfill the detector flake at slit widths less than the maximum 
of 2 ram* The slit width is kept constant at 1*94 mm for all experimental 
runs therefore the measured intensity is always a constant fraction of the 
total intensity falling on the monochromator entrance slit. As mentioned 
above, the entrance slit is completely filled by the emitted radiation from 
the test cell.
4. Signal system
The electrical output from the detector is amplified by a tuned 
amplifier and the rectified output is used to drive the chart recorder and 
digital voltmeter (D.V.M.). Slow cyclic noise appeared on early chart 
recorder traces and the response of the amplifier, beam modulating chopper 
and detector matching transformer was measured.
108
Pen
deflection(volts)
Slit Width Squared mm
EFFECT of SLIT WIDTH on PEH DEFLECTION
109
The response of the amplifier was found to be linear over the 
amplification range used. The frequency response peak of the amplifier is l
10.12 Hz whereas that of the transformer is 12 Hz and that of the original |
chopper was 9*97 Hz. This combination of mis-matching caused the slow noise. , I
A variable speed chopper was constructed and this is tuned to give the maximum 
output signal, and when so tuned the slow noise is eliminated.
Although each section was earthed, random fast noise was not reduced 
to acceptable levels until a single continuous earth line was used. The 
chart recorder then showed little fast noise but the D.V.M. was still affected# 
and on three runs of 4$ readings each the variance was 1376. A 100 pF 
capacitor was connected between each signal line and earth at the D.V.M. 
input and the variance dropped to 422 for an identical set of runs. These 
capacitors are connected for all experimental runs.
The D.V.M. and chart recorder event marker are both triggered by a 
micro-switch that is operated mechanically by four studs fitted to the mono­
chromator wavelength drive drum. When both the event marker and the D.V.M. 
trigger were connected to the micro-switch there was a tendency for multiple- 
triggering of the D.V.M. The circuit shown in Fig. 38 was devised to prevent 
this and it has functioned faultlessly.
3) Main pressure vessel
The surface of the main pressure vessel reaches a temperature in excess 
of 60°C when the furnace is at 1000°C. Four lengths of thin-walled (0.73 mm) 
P.y.C. tubing are wound round the vessel and connected in parallel to the high 
kpressure water supply. The heat removal is sufficient to maintain the 
vessel surface at about 23°G with the flanges at about 30°C.
A full flow ball valve of 29 mm bore is fitted to protect the system 
should the cold window crack. The valve is a 1/4 turn type and can be shut 
quickly by tugging an emergency rope.
Three cold windows have been used* The first was a 6.35 mm thick 
sodium chloride disc that can withstand a differential pressure across it of 
220 kPa with the usual safety factor of times four. The window functioned 
well but had to be re-polished once a month despite being kept in a desiccator 
when not in use. A 12*7 mm thick caesium bromide window was used next.
This can withstand 3«73 MPa Cx4 safety factor) but suffered surface water
/vapour attack.
IThe final window is a 6.33 mm thick calcium fluoride window with a 
pressure rating of 2.28 MPa (x4 safety factor). It is not affected by water 
vapour and can be left for weeks without any attention or loss of transmission.
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The original 1.3 mm thick flat asbestos seal for the pressure vessel 
main flanges leaked and has been replaced by an asbestos insert steel spiral, 
chevron seal. With a bolt torque of 27.7 kg.ra there is no gas leakage.
6. Control systems
An automatic furnace controller was connected to the central section 
of the furnace. A thermocouple measured the furnace central temperature 
and this signal was compared with the controller set point; the difference 
signal was used to control the firing points of a pair of thyristors 
connected in inverse parallel., Because the output was fed to a highly 
inductive transformer much trouble was experienced with failures of the |
thyristor protecting fuses. The trouble was caused by inductive hangover 
which set up an unstable condition that caused one of the thyristors to stay 
switched on. A mrnch distorted waveform was produced and the transformer 
buzzed. This system,was discarded and a 20 amp variable transformer is now 
used. If the furnace had been wound with a separate central section and the 
electrical insulation had been capable of working at 250v then this controller 
would have functioned in its design mode and would have been successful.
The pressure regulating system failed at first because the mains 
voltage solenoid operated valves were switched by a relgj. The inductive
surge current fused the contacts together. A capacitor/lOO pF with a
'resistor of 200 ohm in series is fitted across each relay contact and this
prevents any contact fusing. \
7. Other difficulties
When the calcium fluoride hot window was used it was found to have 
fused to the stainless steel window holder. To prevent further fusing a 
strip of 22 carat gold foil 0.1 mm thick was placed round the edge of the
window but this oxidised at about 1000°0 and has not been replaced. Pure
gold or gold/palladium alloy may work more satisfactorily.
The raoleculaf sieve déssicant may be re»-activated by differential 
pressure cycling. If the gas is dried at high pressure, the water thereby 
adsorbed may be removed by keeping the dessicant under vacuum. This method 
is used to remove the traces of water vapour from the cylinders of compressed 
gas. • ,
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Gas composition measurements by infra-red absorption methods were 
tried using a 100 mm long pyrex cell fitted with NaCl windows and a slit 
source blackbody. The results of careful tests showed that log (incident/ 
transmitted) spectral intensity depended on the monochromator slit width, : 
the blackbody temperature and whether CO/CO^ or N^/CO^ mixtures were |
analysed. As this system can only accurately measure compositions less than I
60^ of one constituent and the results were so unusual, it was decided to j
abandon this method and use gas chromatographic analysis. (It has since 
been found that the slit source was not a blackbody emitter).
With runs using pure CO it is found that some 00^ emission is 
recorded. This is probably due to oxidation of the CO on the/surface of 
the Inconel test cell. It is reported [^ 43 that, chromium and nickel oxides 
catalyse the CO/CO^ reversible reaction and further, that these oxides can 
adsorb oxygen.
8) Calibration methods
The first calibration method used a hollow cylindriceil furnace with 
a slit aperture as a blackbody reference standard. The pen deflection of 
the chart recorder was calibrated at each wavelength by this blackbody using 
the measured blackbody temperature and the Planck radiation equation. The 
rotatable mirror Fig 12, was turned to view the gas and its emissive power 
was measured from the now calibrated chart recorder. It can be shown that 
if the entrance slit of the monochromator is filled by radiation from the 
test cell and from the blackbody aperture, the solid angle along each 
radiation path may be assumed the same. The method did not work and the 
bla,ckbody was examined.
An optical pyrometer (working at 0.66 micron) was used to compare the
brightness temperature of the blackbody slit with the thermocouple temperature
indicated by a thermocouple on the axis of the cylinder and just above the
slit. The readings did not agree. It was found that there was a 3^0
temperature variation along the slit and when a travelling thermocouple was
used to measure the temperature along the axis there weus found to be a odifference of 100 C between the centre and^  each end of the cylinder. The 
furnace was discarded.
It was then decided to use a tungsten filament strip lamp. The 
lamp current was adjusted to exact values using a transistor controller,
Fig 39. The main power transistors and emitter series resistors are mounted
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FIG. 39TUNGSTEN STRIP LAMP CONTROL CIRCUIT
Then using the Wien equation :
WT = E. Cl/X^ and WB « C1/X^
exp (C^X.TT) exp (C2/X.TB)
where 01 and 02 are the radiation constants.
If TB is the brightness temperature of the target* then from the 
definition of brightness temperature t
WT = WB
' Ï •
On rearranging the above two equations we have %
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on a water-cooled heat sink. An ammeter was used to measure lamp current 
and the corresponding lamp brightness temperature was read from a calibration 
chart supplied with the lamp. This calibration was checked against an 
optical pyrometer, which in turn had been checked against a standard N.P.L. Ilamp. The curve was found to be correct. i
The brightness temperature TB(°K) was converted to absolute |
temperature TT(°K) using the emissivity data for tungsten published by j
de Vos C'oQ. Brightness temperature may be defined as the temperature of f
that blackbody emitter whose spectral emissive power at the given wavelength ' j 
is equal to the spectral emissive power of the target at the same wavelength 
(in this case 0.66 micron). The difference between true and brightness 
temperatures is thus a function of the target emissivity. The wavelength 
chosen must be such that the target emissivity is constant or a slowly 
varying function of wavelength and ideally also independent of temperature.
Since emissivity is less than (or equal to) unity brightness temperature is 
less than (or equal to) true temperature.
Under conditions where the product of chosen wavelength and 
absolute temperature is less than 3100 micron deg K, the error involved in 
using the Wien eequation as opposed to the Planck equation is less than 1^ #
Let WT = emissive power from target of emissivity E at absolute 
temperature TT and wavelength X. 
and let WB = blackbody emissive power at temperature TB and wavelength X.
i  ■
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taking logs
E. exp (C2/X.TB) = exp (C2/X.TT)
In E + C2/X.TB ,= C2/X.TT
so that 55 TB
1 + X.TB. In E
■V
G2
Bcr from which the true temperature of the filament TT has been found.
The product of X.TT at 0.66 micron and 1200°K is 792, therefore the 
Wien equation may safely be used. At 0.66 micron the emissivity of tungsten 
may be estimated from the equation:
cE = 0.48081 - (2.184 TB.1©^)
derived from de Vos' data. The brightness temperature may be used in the second 
teimi because this is only a small correction factor. The equation is correct 
for TB in the range l600 to 2800°K.
The emissivity of tungsten is less than 0.1 in the wavelength range 
3.9 to 3 micron end direct calibration of the chart recorder is difficult.
The spectral variation of grating reflectivity is an unknown function 
which varies for the particular grating used. For example, it is in the order 
of 10^ at 1 micron, 13^ at 2 micron and 23 to 30?^ at 3 micron, thus making it 
i, ; , impossible to calibrate at 2 micron - where the emissive power is large - for
,- use at 3*9 to 3 micron.
A practical blackbody cavity source of 23 mm diameter aperture and 
calculated emissivity of 0.997 was built using the design presented by 
T.J. Quinn [8Q. This operated well and the temperature inside the cavity 
measured by two thermocouples agreed to 2^0 at 830^0, within the limits of 
experimental accuracy of 0.73^. Readings from these thermocouples agreed with 
the bri^tness temperature at 0.66 micron to 3^0 at 920^0. The optical pyrometer 
accuracy is usually rated at about 0.^. (For a blackbody brightness and true 
temperatures are equal).
Using these factors a calibration method with four separate stages « 
was evolved.
1) To find the emissive power WA (at 2 micron) from the lamp reaching the 
rotatable mirror, as a function of lamp current I.
From the measured lamp current the brightness temperature of the 
lamp was found from the lamp calibration curve. Using the method described above 
the lamp true temperature was found.
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The emissive power of the.filament at 2 micron was calculated 
using the true filament temperature and the emissivity data for tungsten*
WA _ r^ E 01 / 2^exp (02/2TT) - 1
• *. WA is a function of TT and thus of TB and in turn of I*
• « WA C I 3 ••••••••••••.•••••••«••e******** (l)
has been found
2) The lamp current was altered and the pen deflection D noted. In general
the deflection D is proportional to the received emissive power WA, the
proportionality constant m depending on the instrument settings.
WA = m  D ..........................  (2)
3) Using the blackbody source in the furnace the true blackbody emissive power 
WB at wavelength X was calculated by the Planck equation using the measured 
blackbody temperature T.
WB was compared with WA, found from (2) and constant G was derived 
as a function of X.
Thus ; WB [ X ] = C[ X ] WA [ X ]    (3)
If WM is the true emissive power from the test cell, then using 
equations (2) and (3)2
WM [X,T] = m D G [X] ...................... (4)
The transmission of the spectrosil window in the lamp bulb is given [
as 0.996 and the reflectivity of the two front aluminised mirrors was taken , i
from the data of Bennett [(#]. 1
If E is the emissivity of tungsten at 2 microns and temperature TT, |
and if r is the reflectivity of aluminium at 2 micron, then |
1 1 7  |1îJ
4) A series of metal grids of emissivities ranging from 0.1 to 1.0 was
to have been placed inside the test cell and heated to several fixed 
temperatures with and without the test cell windows in place. In 
this way the effective transmission of the hot windows would have 
/, been found as a function of temperature and wavelength.
Thus is WT is :the true gas emissive power and tr is the window
transmission
WT. tr n Wm ......    (3)
Thus from equations X4) and (3) the true emispive power from 
the gas is found and this'is divided by the calculated blackbody 
emissive power WBB to give the gas emissivity BQ.
EG CT, X] =      (6)tr [T, X] .WBB [T,X] ,
■ Î  '; The necessary calculations were performed using a programmed
digital computer. .
The values of tr and C mi^t be expected to remain constant in
' the short term, a week say, but the value of, m would have to be
re-determined for each run.
! . ■
Study of the equations for estimating the emissivity of a closed 
cylinder developed by Quinn[86] showed that if a metal shield was placed in 
the centre of the test cell, the geometry of the system is such that the 
shield would act as a blackbody emitter. This led to the design of the 
internal shield system and the final calibration system described in Ch. 4.
The advantages of this system are that the test cell is completely 
calibrated for each run and therefore any deterioration of the window 
transmission is immediately apparent. The method involves simple ratios of 
emissive power measurements that are directly proportional to pen deflection. 
The optical path length for all measurements is identical. Temperature 
measurements are not necessary for the evaluation of gas emissivities, though 
they are used to effect a temperature correction.
Tn these ways the experimental accuracy is much improved and the 
determination of results simplified..
Appendix 4 Vi 8
Experimental Data.
1 ). Cold window 6,4 mm thick calcium flouride;.
' 2). Hot window 2mm thick calcium fluoride.
3)* Order suppressiiion. filter type 374.
4)1. Grating 7,500 lines per inch, blazed at 2. micron.
Repeatability O.OO4 micron, resolution Q/.Ol micron,
5).. Scan speed medium for runs 1 - 59 and 64 (O* 4 micron/min)
fast for runs 6.6 - 63 and 65 - 131 (0*8 micron/min)
6). Slit width scale 18 = 1.94 mm.
7 ).- Amplifier zero, bias, variable, but close to. scale 4..
B). Amplifier gain setting scales 30 about x. 10^ ..
9 ).. DVM. PSD. voltage setting 2v for runs 1 - 1 8  and 45 — 6-3..
20w for runs 20 - 42 and 64 — 131..
10),. Test cell length ,
O '500. c length is 640.6 mmi 
550° C ' 640.9 mm
750° C 643 mm
900° 0 6 4 4 . 4  mm;
11}.. Temperature data follows and is given as the run numberthen the. cell temperature profile, the average, temperature.
calculated from the. profile data, qnd the final temp., chosen
on the basis of the coputer programme, plot..
12). Emissive, power data is given in the. form df point- voltages 
for each scan made, arranged in three, separate blocks, the 
first being the 'A' mode followed by the *B' and *C* modes*
13). Emissivity data is- given as run number, temperature for thœ 
'C* mode, integrated area under the curve: and then the 45 
emissivity point values. See appendix 5.
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JPP ;"BEGIN" "REAL" TEMPA,TEMPB,TEMPC,TA,TB,TC,L,CCl,CC2, CC3,CC4, W1, W2, W3, W4, W5, W6, Fl, AREA ;"INTEGER" I, K,RN, NRA,NRB,NRC,N, ICA, KAR, KB, KBR, KC, KCR, KP, KPR; "REAL""ARRAY"A,B,C,P,Q,R[0:44] ;"BOOLEAN" "PROCEDURE" KEY<N)j "VALUE" N; "INTEGER" Nj"BEGIN" "INTEGER" P,Q"CODE"% CL5 $ Q
10 - % LD $ N% SUB:L$ 1% MTOK -% LD:L $ 1% SML% ST $ P% CTOM% AND $ P% JZ $ OUT% INCS $ Q2 0 $$ OUT;"IF" Q=0 "THEN" KBY:='"END" ;
"PROCEDURE" STORE(A,B,C,P,Q) ; "VALUE" A,B,Cj 
"INTEGER" A,B,C; "REAL""ARRAY” P,Q;"BEGIN" "INTEGER" AA,L,K,S,W; "REAL" Xj AA{=A;"CODE"
4-0
% GETA $ P% LD:M $ Q% AND:L$ 32767
% ST $ K% GETA $ Q% LD;M $ 0% AND:L$ 32767% ST $ L% LD $ AA% ADD $ AA% SUB $ B% SUB $ B% ST $ S
AGAIN: "READ" X* "CODE"
% LD $ B % ADDS $ S % ADDS $ S 
. % LD $ K % ADD $ S 
% ST $ W % FL $ X
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: 50“ % FA; I $ W; % WF:I $ w
i- • % LD $ L
' % ADD $ S
r' -i % ST $ W% FL $ X
! ' % FM $ X
• ; % FA: I w
. . i % WF:I $ w
6 0 - 1»IF" AA '"NE'
"REAL*"'ARRAY" Pj
7 0 -
80
"END";"PROCEDURE" CLEAR(C,P)'; "VALUE" C; "INTEGER" C; "BEGIN" "INTEGER" Kj "CODE"% GETA $ P 
% LD:M $ 0 % AND:L$ 32767 % ST $ K $$ IN $ DECS $ C % JN $ OUT . ' '% CLS;I$ K % INCS $ K 
% CLS;I$ K % INCS $ K % JB $ IN $$ OUT
"END";
Fl:=s0.0125;CCl :=273.1 ;CC2 :=14387.Q ;CC4- '•= O»0Z5;
"CODE"% GETA $ A % LD:M $ 0 % AND:L$ 32767 -% ST $ KA % GETA $ B % LD:M $ 0 % AND:'L$ 32767 % ST $ KB 
9 0 - % GETA $ C % LD:M $ Q % AND:L$ 32767 % ST $ KC % GETA $ P 
*- % LD:M $ 0 % AND:L$ 32767 % ST $ KP
■ r.
'i - •/-. ' \ -i-..TiT •. . iV->'-iy.- -wrk
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LABI: P U N C H ( 5 ) ; S E T O R I G I N ( 2 0 0 , 0 ) ; 
j 1 0 0 -  "FOR" I:= Q "STEP" 1 "UNTIL" 11 "DO"
Î "BEGIN" DRAWLINE<I*200,0) ;WAy<0,5); CENCHARA C T E R ( 1 ) "END";
"FOR" I := 11 "STEP" -1 "UNTIL" 0 "DO"
"BEGIN" M O V E P E N ( l ’i<200-50,-40) ;"HIINT" WAY(0,5),FREEPOINT(2), I*0.1+3.9 
; " E N D " ; :
I -  MOVEPE N ( 8 0 0 , -100); "PRINT" V/AY(0,5 ) , 'm i c r o n s '; M O V E P E N ( Q , 0 ) ;
"FOR" I;= 0 "STEP" 1 "UNTIL" 10 "DO"
; "BEGIN" D R A W L I N E ( 0 , 1*200); CENCHARACTBR(l) "END";
Î "FOR" I:- 10 "STEP" -1 "UNTIL" 0 "DO"
i "BEGIN" MO V E P E N ( - 3 0 , 1*200-50) ; "PRINT" W A Y < 1 , 5),F R E E P 0INT<2),1*0.1 ”END" ; .
i M O -  M O V E P E N  (-100,200) ; "PRINT" WAY(1, 5 ) , 'EMISSIVITY'; 
j M O V E P E N ( 2 2 0 Q , 0 ) ;
i "FOR" I ;= 0 "STEP" 1 "UNTIL" 10 "DO"
: "BEGIN" D R A W L I N E (2200,1*200) ; CENCHARACTER(l) "END";
■ . "FOR" X := 11 "STEP" -1 "UNTIL" U "DO"
j - "PF.GIN" D R A W L I N E d *200,2000) ; CENCHARACTER(l) "END" ;MOVEPEN(0,0) ;
I K:=0;
LAB2: K: =1(4-1 ;
C L E A R (45, A) ;CTJSAR(45, B) ;CLEAl(45,C) ;CLEAR(45,P) ;CLEAr (45,Q) ;CLEAR(45,R) ; 
"PRINT" P U N C H (3), 'INPUT DATA'; r -
I Z O - "READ" R E A D E R (3),RN,TEMPA,TEMPB,TEMPC,NRA,NRB,NRC* ,CC9î W ait;I "F0R"N:=1 "STEP" 1 "UNTIL" NR A  "DO" L-,:. .  )
I STORE(0,1,44,A,P) ;’YAIT;
I "F0R"N;=1 "STEP" 1 "UNTIL" NRB "DO" . . >
j STORE(0,1,44,B,Q);WAIT;
-  "F0R"N:=1 "STEP" 1 "UNTIL" NRC "DO" ' ,
; STORE(0,1,44,C,R);
i P U N C H ( 3 ) ;CHECKS(' o n e ' ) ; A R E A : =0;
I "CODE"
%  F L  $ T E MPA .
\ 1 3 0  %  f a  $ CCI
i %  W F  $ T A  ■
i . %  F L  $ CC2
Ï % FD $ TA
%  WF $ TEMPA .
-  %  F L  $ TEMPB 
%  FA $ CCl
%  WF $ TB , _ '% FL .$ CC2 ■ • ■
' %  F D  $ TB
IthO - %  WF $ TEMPB
%  F L  $ TEMPC 
%  F A  $ CCl 
%  W F  $ TC 
%  F L  $; CC2
. -  %  FD $ TC -, ' ■
%  W F  v$ TEMPC ' . '
%  F L  $ CC3 ,
%  W F  $ L  ■ ■ ' " .
KC
15 0 -  "FOR"I ;=0 "STEP" 1 "UNTIL" 44 "DO" 
"BEGIN"
"CODE"
%  LD $ KA 
%  ST $ KAR
-  %  LD $ KB 
%  ST $ KBR 
%  ID $ KC 
%  ST $ KCR 
%  LD $ KP
( 6 0 -  %  ST.$ KPR 
%  LD $ I 
%  ADD$ I 
%  ADDS$ KAR 
%  ADDSm KBR
- % ADDS$ KCR 
% ADD8$ KPR 
%  LD$ NRA
%  FCF ' ' '
%  WF $ W4 
|*?0 - %  LD $ NRB . ■ ;
%  FCF 
%  W F  $ W5 
% ID $ NRC 
%  FCF
- %  V/F $ W 6
%  F L  $ CC4 !
%  F A  $ L ' -
I %  W  $ L
%  F L  $ T E MPA
] S 0 -  %  F D  $ L
% WF $ TA
. %  F L  $ TEMPB ■ • .
%  F D  $ L
%  W F  $ TB
- %  F L  $ T E MPC '
%  F D  $ L
%  W F  $ TC
'h' '•
i;
iif'
y/
i
I##:'
' ;-v
t:;/
r.
; .■■',/,
'
A:;'
e c
m .
Ï .'•, ,/■
.'•V ■''■K'-'' ' -■II
•? .1
r
.4
,TA:=EXP(TA)-1;
/.? 0 -  TB : =EXP (TB) -1 ; 
T C : = E X P ( T C ) - 1 ; 
"CODE"
% FL $ TC 
% FD $ TA 
-  %  WF $ TA 
%  F L  $ TC 
% FD $ TB 
•% W F  $ TB 
%  FL:I$ KAR 
}' Z o o  - % F D  $ W4
j • ’ ; . %  f 3> $ TA ; :j . %  WF $ W1
i %  FL;I$ KBR
V  %  FD $ W5
; - %  F B  $ TB _
I % WF $ W2
I %  FL:I$ KCR
•I- %  FD $ W6
%  WF $ W3 ,
%  F L  $ Yf2 
%  FS $ W1 
%  WF $ W2 
%  F L  $ W3 
%  FS $ W1 
—  %  FD $ W2 
%  WFîI$ KPR 
# 1:
-I.
1 2 3  '
.,.u 'I .
■l
-vllfwl'
------------ lilj________ !__________:________________ '
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P U N C H O )  ;CHECKS('TW0 ) ;
"IF" I > 0 "THEN"ZZO-  "CODE"
% LD $ KPR ' - '
%  SUB:L$ 2 ;
%  ST $ N  ;
% FL:I$ KPR
- % FA:I$ N
%  F M  $ Fl '% FA $ AREA 
% WF $ AREA 
;
2 3 0  p u n c h (3) ;CHECKS<'three') ;PUNCH<5) ;
"IF" P[I] > 1 . 1  "THEN" P[I]:= 1.1;
"IF" P[I] <-0.1 "THEN" P [ I ] : = - 0 . 1 ;
"IF"KEY(4)"THEN" D R A W L I N E ( I *50,^ 0 0 0 * P [ I ]) "ELSE" 
M O V E P E N < I *50,2 0 0 Q * P [ I ] ) ;WAY(0,3 ) ;CENCHARACTER(K+4)
-  "END";
M O V E P E N ( 0 , (K*100-85Q)>;CENCHARACTER<K+4);
"CODE"
1 %  F L  $ GC2
I %  FD $ TEMPC
I  Z4-0  %  FS $  CCl
I %  W F  $ T EMPC
Ï Z 5 0
M O V E P E N (40,(K*l0 0 - 8 5 0 ) ) ;"PRINT"PUNCH(5),WAY(0,5 ) , 'r n ',DIGITS(6),RN, 
" S 2 ' t EMP', SCALED(4), TEMPC, " S 2 ' a r e a ', AREA;MOVEPEN(0,0) ;
WAIT;"PRINT" P U N C H (1),'r n ',DIGITS(6),RN, " S 2 ' t EMP',SCALED(4),
TEMPC, " S 2 ' A R E A ' ,  AREA; I '
"FOR" I:= 0 "STEP" 1 "UNTIL" 44 "DO"
"P R I N T " P U N C H (1 ),SA M E L I N E , P [ I ] ;
WAIT;
" I F " K E Y (1)" T H E N " " G 0 T 0 " L A B 1 ;
"IF"KEY(2)"THEN""G0T0"LAB2; '
"IF"KEY(3)"THEN""GOTO"LAB3
LAB3: "END";
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GAS ANALYSES.
n P RN ^2 ^2 ^2 CB4 CO. COg
Ratio.
0 0 %
used 
OOg %
1 7 0.11 0.01 17.4 0.15 76.5 5.8 93 7
2 11 0.03 0.06 46.-3 p.k03 16.6 37.5 30.6 69.4
3 14 0117 0,05 0.77 0.17 ■67.8 31.1 68 ..6 31.4
4 16 0... 14 0..16 1Q...9 0..11 59'..2 29. ..5 66.9 33.-1
5 17 0-..01 0.02. 22.6 ND 0.02 77.4 — 100
6 29 ND 1.19. 5.6. 24 ..9 67.-5 27 73
7 32 ND, 1.73 7.7 81.9 8.7 90 ..5 9.-5
9 38 0.13 0-.19 65.-9 33.-8 66 34
10 39 0.1 0;.19 30.4 69*4 30.5 69.5
11 54 0148. 65.4 34 65.-8 34.-2
12 59 0...23 36.0 63.7 36 64
13 69 0.3 0..54 47.1 44.7 7.4 85.8, 14.2
14 74 0.01 0:.O9 43.3 34.3 22.3 60.6 39.4
15 79 ND 0.09 42 24.-9 33 43 57
16 104 0.02 5.8 84.8 9.4 90.2 9.8
17 112 0.08 2.8 58.6 38.5 60.3 39.7
18 116 ND) 10.4 61.0 28.6 68 32
124 0,03 0.97 30.2 68.8 38.-6 69.4
20. 126 ND) 0.08 34 65.9 34 66
FURNACE VOLTAGES
iEN 1-5 6—8 9-18 20-23 24t 30 31-35 36-41
Zone. 1 8 8 8 11 12 12 12 VOLTS
Zone 2 20.5 20 20.5, 30 29. 23 26
Zone- 3 8 ’ 8. 8 10. 12 12..5 12.5
RN 45-63 64-73 74-83 85-107 108.-131
Zonei 1 8 12 12 10; 12 VOLTS
Zone. 2 20) 25 25 33 ■ 33
Zone, 3 8 12 11 13 15
- ' : m  I
T E M P E R A T U R E  DATA.
All temperatures in degrees C«.
: RN
iXlUX HlUUUUpXC jJUCI-L UXUXi
2 3 4 5 16 Average Final
. 1 A 541 543.5 548 553 550.5 547 545
2 B 534 531.5 541 543.5 541 538 545
C‘ 548 545.5 553 557.5 555 552 545
2 A 501 499 50.6 506 503.5 503 503
:'%y c, ■ - B 489.5 489.5 496. 5 496.-5 489.5 492.3 503
C 513 508.5 513 515.5 515.5 513 503
' *■ ' ■' ' ■ 3•, .')LT . A 499 492 485 492 492 492 500
B 503.5 494.5 487 494.5, 499 496 505
C: 515.5 508.5 503. 5 510.-5 513 510 490-
4. A 517.5 5101.5 503. 5 508.5- 508.5 510- 487
' B 513 506 496. 5 503.5 506 505 50.5C 508.5 499 489. % 499 501 499 49,7
Aa 522.5 517.5 513 515.5 513 516 517
B 525 • 517.5 ,513 515.5 515.5 517 517
V ' % C 525 517.5 510. 5 515.5 515.5 517 517
" ■ 6 A 489.5 487 494. 5 492 485 490 485
B 475.5 475.5 482. 5 474.5 466 475 485
C 494.5 492 . 499 494.5 489.5 494 485
. 7 a 489.5 489.5 496. 5 492 485 493, 492
492 489.6 499 496.5 489.5 493 492 .
0 489.5 487 • 496. 5 492 482.5 490 492 '
8 A 520 515.5- 525 529.5- 529.5 524 520
B' 503.5 501 508. 5 510.5. . 508.-5 506 520
C 5-15.5 513 520 527 525 520, 500
, 9 A j50B.5" 506. 513. 517.5 515.5 512 ; 511
, B -. 503.5 501 508. 5, 510.5; 508.5 5.06 511.
C 510.5 508.5 515. 5 517.5 515.5 514 511
. 10 AB. 515.5 513 520 ' 525 520 ' 519' •519
G'- 515.5 513 522.5 525 522.5 520 519.
l,%. y. \ ' 11 AB 515.5 513 522..5 525 522.-5 520- 523
C 522.5 520 527' 531.5 527 526 523
"v,.v.;-; AB 529.5 527 534 541 , 538.5 534 534O' 531.5 529.5 538. 5 543.5 541 535 534
15 A 548 545.5 553 557.5 555 552 550.
, B 545.5 543.5 550. 5 557,5 553 550 550'
a: 545.5 543.5 550. 5 555 550.5 549 55-0
■' 16 A. !536.5 534 541 545.5 541 540 545
,B: 538.5 536.5 543. 5 548 543.5 542 545
'. Î- : c 543.5 541 548 553 550.5 547 545
l££l: '■-J21,i_S'-.l vAi;' "J-- '... ' “ i i =■• li-‘\î ■'■.■■y/-'J:j.^  A  ^ •••■" 2j
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17 A 538.5 536.5 543.5 550.5 548' 543 : 536
536.5 534 538.5 546 543.5 540) 536
C 517.5 520 531*5 527 513 522 536
A 478 . 482.5 499 485 471 487 465
447 454 473.5 454 426 451 465
C 454 461.5 478 461.5 428.5 07; 465
20’ A 824.5 822 832 832. 819.5 826 820
B) 814.5 812 822 822 809.5, 816 820
C 829.5 827 834.-5 834.5 822 829.5 820
21 A'. 822 819.5 827 824.5 812 821 824
H' .822 822 829.5 827 - 812 822.5 824
C 824.5 824.5 832 829.5 817 825.5 824
22 A 824.5 824.5 d32 827 812 824 827
B 827 827 -. 834.5 829.5 817 827 827
C 829.5 827 834.5 832 817 828 827
24 A" 790: 790 795 788 776 787.7 788
B 768.5 768.5: 776 742.5 752 761.5 780
' 1C 797.5 795 799.5' 795 783 794 790
25 A 773.5 771 776 781 776 775.5 '772
B 799.5 799.5 757 757 749.5 772.5 772
C 768.5 768.5 773.5 776 .768.5 771 774
26 A. 785.5 783 788 795 792.5 788.8 788B 790 788 790 795 ; 790 790.6 790
C 792.5 790. 792.5 802 799.5 795.3 790;
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Ol24a012Qa0118a0115aQllla0112aOl09aQ108a0108aQ106a0110a0133a0157aOl54a0148a . 0146aOl42aOl43a0143a0142aQ14Qa0139a0136aQ135a0130aOl30a0128a0125aal22a0125a 0120a0ll9a0115a0ll5a0112a0111a0109a0l06a0105a0l05a0102a0100a0099a0096a0095a
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0237a0262a0283a0293a0297aQ300a0306a0310a03l5a0321a0318a0322a0319a0312a0304a0321a0350aQ363a0364a0355a0351a0343a0332a0327aQ313a0303a0298a0286a0273a0262a025aa0243a0230a0222a0210a0203a0198a0191a0185a0l82a0l75a0l72a0165a0162a0157a
0236a0263a0284a029la0295a0305a0308a03l5a0314a0320a0322a0324a0319aQ314a0302a0324a0352a0364aQ364a0356a0350a0342a0336a0325a0315a0307a0297a0287a0274a0259a0253a0242a0231a0219a0210a0205a0l98a0193a0186a0180a0175a0l70a0165a0l60a0154a
0246a027la0290a0300a0307a0313a0315a0322a0324a0327a0329a0327a0326a0316a0308a 0326a0359a0368a0373a0365a0355aü347a0339a0329a0319a0310a0303a0288a0280a0266a 0257a0249a0237a0224a0212a0207a0201aOl97a0192a0182a0177a0171a(XL68aOl64a0160a
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0351a0394a0422a0436a0449a0454a0463a0474a0477a0485a0485a0486a0487a0469a0461a0497a0544a0562a0563a0563a0554a0551a0540a0532a05l9a0509a0493a0483a0464a0455a0445aQ433a0420a0403a0393a0383a0373aQ362a0356a0355a0343a0334a0330a0321a0315a
0356a0399a0432a0446aQ458a0464a0474a0481a0486a0492a0492a0494a0496a0478a0471a 0505a0549a0569a0575a0567a0561a0559a0546a0535a0527a0513aQ502a0485a0472a0459à 0444a0435a0426a0408aQ395aQ386a0377a0368a0360a0356a0349a0339a0329a0324a0320a
03Q5a0335a0354a0367a037la0376a0381aQ390aQ4l5a0450a0455a0447aQ441a0420a0392a0406a0441aQ450a0447a0443a0431a0434a0475a0567a0613a0607a0592a0573a0557a0542a0524a0494aQ444a0381a0323a0284a0266a0254a0245a0239a0230a0223a02l9a0212a0208a
03Q5a0329a0350a0359aQ368a0371a0379a0384a0410a0445a0451a0444a0436a0411a0389a04Q3a0429a0441a0445a0432aQ428a0427a0463a0558a0602a0600aQ585a0567a0549a0533a05l7a0487a0437a0373a0314aO:i78a0260a0249a0238a0234aQ226a0218a0214a0208a0202a
0294a0323a0340a0353a0360a0367a0373a0382a0406a0444a0447a0440a0432a0408a0387a0399a0432a0446a0443a0434a0426a0422a0464aQ56la0606a060Qa0585a0568a0549a0536a05l7a0488a0437a0370a03l3a0276a0257a0247a0240a0231a0223a0220a0214a0208a0201a
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0237a0262a0283a0293aQ297a0300a0306a0310a0315a0321a03l8a0322a0319a0312a0304a0321a0350a0363a0364aQ355a0351a0343a0332a0327a0313a0303a0298a0286aQ273a0262a025la0243a0230aQ222a0210a0203a0198a0191a0X85a0l82a0l75aQl72a0l65a0162a0157a
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0351a0394a0422a0436a0449a0454a0463a0474a0477a0485a0485a0486a0487a0469a0461a0497a0544a0562a0563a0563a0554a0551a0540a0532a0519a0509a0493a0483a0464a0455a0445a0433a0420a0403a0393a0383a0373a0362a0356a0355a0343a0334a0330a0321a0315a
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0234a0256a0274aQ281aQ286a0293a0295a0301a0313a0327a0330a0328a0327a0314a0301a 03l7aQ343a0355a0352a0345a0337a0333a0364a0464a0524a0518a0493a0467a0458a0441aO 041X a0360a0301a0252a0220a0202a0192a0187a0180a0174a0170a0165a0158a0153a0151a
0229a0252a0268a0279a0285a0290a0295aQ299a0308a0325a0327a0328a0327ap312a0298a 0313a0339a0351a0349aQ342a0333a0332a0363aQ462a0514a0508a0479a0460a0448a0433a 0402a0351a0295a0248a0218a0199a0193a0185a0l79a0l71a0166a0161aOl58a0155a0149a
0235a02 51a0269a0277a0284a02 92a02 94a02 98a0307a0319a0327a0324a0324a0310a0301a 0313a0341a0351a0349a0343a0336aQ330a0359a0451a0504a0497a0471a0450a0439a0423a 0395a0344a0291a0245a02l7a0202a0190a0186a0179aQ175a0168aQ162a0156aOl53a0148a
0231a0251a0268a0279a0282a0289a0296a0301a0309a0322a0328a0323a0321a0307a0298a00311a0338a0351a0348a0340a0333a0330a0358a0451a0504a0494a0468a0445a0432a0422a00389a0341a0289a0242a0215a0201a0191aOl85a0177a0173a0168a0161a(XLS7a0152a0149a
RUN A77 19 9
0237a0262a0283a0293a0297a0300a0306a0310a0315a0321a0318a0322a0319a0312a0304a 0321a0350a0363a0364a03 55a0351aQ343a0332a0327a0313a0303a’0298a0286a0273a0262a 0251a0243a0230a0222a0210a0203a0l98a0191aOl85a0182a0l75a0l72a0165a0162a0157a
0236a0263a0284a0291a0295a0305a0308a0315a0314a0320a0322a0324a0319a03l4a0302a0324a0352a0364a0364a0356a0350a0342a0336a0325a0315a0307a0297a0287a0274a0259a0253a0242a0231a0219a0210a0205â0198a0193a0186a0180a0175a0l70a0165a0160a0154a
0246a027la0290a0300a0307a0313a0315aQ322a0324a0327a0329a0327a0326a0316a0308a 0326a0359a0368a0373a0365a0355a0347a0339a0329a0319a0310a0303a0288a0280a0266a 0257a0249a0237a0224a0212a0207a0201a0197a0192a0182a0a77a017la0l68a0164a0l60a
I 0351a0389a0420a0436a0446a0454a0466a0470a0477a0481a0487a0485a0489a0470a0464a‘ 0487a0533a0560a0557a0558a0547a0538a0535a0520aQ509a0503a0487a0470a0463a0447aI 0440a0425a0414a0402a0386a0382a0369a0361a0354a0349a0339a0331a0326a0320a0311a
I 0351a0394a0422a0436a0449a0454a0463a0474a0477a0485a0485a0486a0487a0469a0461a! 0497a0544a0562a0563a0563a0554a055la0540a0532a0519a0509a0493a0483a0464a0455aI  0445a0433a0420a0403a0393a0383a0373a0362a0356a0355a0343a0334aQ330a0321a0315a
ij 0356a0399a0432a0446a0458a0464a0474a0481a0486a0492a0492a0494a0496a0478a047lai 0505a0549a0569a0575a0567a0561a0559a0546a0535a0527a0513a0502a0485a0472a0459a■ 0444a0435a0426a0408aQ395a0386a0377a0368a0360a0356a0349a0339a0329a0324a0320a
02 54auB87aO3U7a0317a0322a0327a0331a0337a0341a0345a0348a0347a0345a0332a032 5a 0343a0374a0386a0384a0378a0373a0365a037la0405a0422a0408a0379a0361a0345a0334a . 0312a0287a0261a0239a0224a0216a0208a0203a0196a0188a0184a0l77a0l73a0169a0161a
0256a0286a0305a0315a0320a0326a0331a0334a0337a0339a0343a0343a0339ap329a0321a0341a037la0383a0380a0375a0368a0360a0364a0393a0410a0395a037la0351a0339a0322a0303a0279a0256a0235a0222a0214a0207a0200a0192a0l89a0184a0l77a0l73a0l68a0l63a
0262a0289a0312a03l8a0326ap331a0336a0338a0343a0347a0350a0349a0345a0334a0324a0346a0379a0390a0386a0381a0376a0368a0374a0402a0415a0400a0378a0355a0343a0329a0309a0285a0260a0241a0225a0216a0211a0205a0l97a0190a0l84a0l80a0l73a0170a0165a
0260a0285a0306a0315a0321a0324a0330a0334a0336a0342a0342a0341a0335a0327a0317a0339a0370a0383a0382a0376a0368a0364a0367a0394a0408a0394a0370a0351a0337a0322a00304a0282a0254a0235a0221a0213a0206a0199a0l92a0l88a0180a0174a0l70a0l65a0l6la
026la0283a0304a0318a0320a0324a0329a0334a0335a0340a0340a0342a0339a0328a0317a 0337a0369aQ383a0381a0375a0368a0361a0363a0397a0407a0393a0369a0349a0335a0323a 0302a0277a0255a0234a0220a0211aQ2Q6a0199a0l91a0187a0180a0176a0170a0l64a0160a
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0237a0262a0283a0293a0297a0300a0306a0310aü315a0321a0318a0322a0319a0312a0304a 0321a0350a0363a0364a0355a0351aÛ343a0332aQ327a0313a0303a0298a0286a0273a0262a 0251a0243a0230a0222a0210aü203a0198a0191aOl85a0182a0175a0172aûl65a0162a0157a
023 6a02 63a 02 84aQ2 91a02 95a0305aÛ3 08a0315a0314a032 0a0322a0324a0319a0314a0302 a 0324a0352a0364a0364a0356a0350a0342a0336a0325a0315a0307a0297a0287a0274a0259a 0253a0242a0231a0219a0210a0205a0198a0193a0186a0180a0l75a0l70a0165a0l60a0154a
0246a0271a0290a0300a0307a0313a0315a0322a0324a0327a0329a0327a0326a0316a0308a 032 6a0359a03 68a0373a0365a03 55a0347a0339a0329a0319a031Oa0303a02 88a0280a0266a 0257a0249a0237a0224a0212a0207a0201a0197a0192a0l82a0177a0l71a0168a0164a0160a
0351a0389a0420a0436a0446a0454a0466a0470a0477a0481a0487a0485a0489a0470a0464a0487a0533a056Qa0557a0558a0547a0538a0535a0520a0509a0503a0487a0470a0463a0447a0440a0425a0414a0402a0386a0382a0369a0361a0354a0349aü339a0331a0326a0320a0311a
0351a0394aü422a0436a0449a0454a0463a0474a0477aû485a0485a0486a0487a0469a046la0497a0544a0562a0563a0563a0554a0551a0540a0532a0519a0509a0493a0483a0464a0455a0445a0433a0420a0403a0393a0383a0373a0362a0356a0355a0343a0334a0330a0321a0315a
0356a0399a0432a0446a0458a0464a0474a0481a0486a0492a0492a0494a0496a0478a0471a 0505a0549a0569a0575a0567a0561a0559a0546a0535a0527a0513a0502a0485a0472a0459a 0444a0435a0426a0408a0395a0386a0377a0368a0360a0356a0349a0339a0329a0324a0320a
0261a0289aÛ310a0320a0324a0329a0332a0337a0343a0352a0355a0352a0348a0336a0327a 0343a0373a0385a0384a0378a0373a0368a0385a0457a0495a0479a0449a0424a0411a0397a 0368a0325a0284a0250a0229a0217a0206a0200a0195a0187a0181a0177a017la0167a0162a
0263a0291a0310a0318a0324a0330a0332a0335a0340a0353a0351a0350a0346a0333a0324a0344a0374a0385a0386a0378a0372a0365a0386a0456a0496a0480a0450a0424a0410a0397a0368a0327a0284a0252a0229a0214a0207a0201a0194a0187a0182a0177a0l72a0166a0l63a
0263a0290a0306a0319a0323a0330a0333a0335a0344a0352a035la0351a0346a0332a0322a0341a0374a0384a0384a0375a037la0365a0383a0455a0491a0477a0447a0422a0409a0396a0367a0325a0283a0248a0226a0213a0204a0l99a0194a0l87a0l79a0174a0l70a0166a0162a
0254a0286a0306a0315a0319a0324a0327a0334a0339a0347a0349a0346a0343a0327a0318a 033 9a0367a03 81a03 80a0375a0368a0362a03 81a0452a 0488a0473a0448a0420a0406a0394a 0363a0320a0281a0248a0226a0213a0206a0200a0191a0186a0180a0l76a0168a0164a0160a
0259a0286a03Q3a0311a0321a0325a9329a0335a0340a0349a0348a0344a0342a0330a0319a 0337a0368aü382a0381a0372aQ369a6361a0380a0451a0484a0474a0443a0418a0405a0392a 0362a0314a0279a0244a0222a02l2a0205a0199a01.92a0187aaL78a0174aOl69a0165aÛl60a
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0118aOil9a0116a0ll4a0108aûl07a0105a0l01aû099a0097a0093a0093a0088a0085a0083a 0082a0082a0081a0077a0076a0074aOQ74a007la0072a0070a0068a0066a0065a0061a0061a 0060a0058a0058a0056a0056a0056a0054a0053aOQ51a0050aQQ49a0049a0047a0047a0046a
0248a0245a0239a0230a0227a0220a0216a0210a0206a0204a0198a0193a0189a018la0178a0176aül73a0168a0168a0164a0l60a0158a0156a0162a0149a0146a0143a0143a0138a0136a0134a0132a0131a0129a0125a0123a0121a0ll9a0118a0116a0113a0113a0109a0107a0108a
0249a0241a0234a0232a0225a0220a0215a0210a0205a0200a0l97a0l92a0189a0183a0l79a 0l74a0l72a0167a0166a0163a0l60a0157a0154a0l50a0148a0147a0143a0142a0139a0l35a 0133a0130a0127a0126a0125a0122aül21a0120a0116a0116aüll2a0111aûll0a0107a0107a
0249a0251a0243a0234a0232a0228a0221a0218a0213a0207a0203a0198a0195a0188a0182a0 0178a0179aOl75a0172aOl68aQ162aQ161a0159a0153aOl52a0150a0147aOl42a0142a0139aO G138a0135a0132aOl32aQ130a0128a0124a0122a0120aOll9a0117a0115aÛll3a0111a0110a
0131a0127a0125a0l23aül20a0l20a0118a0116a0116a01l0a0119a0143a0165a0159a0155aOl53aOl48a0147a0147a0148a0146a0145aQ139a0136aOl34a0132a0130aOl29a0127a0125a0123a0122a0117aÜll5a0114a0115aallla0109a0106àOl05a0106a0102aQ099a0098a0094a
Ol31aOl27aOl25a0120a0118aOll6aüll3a0116aOll2a01l5a0116a0142aQ164a0159a0156a0154a0149a0148a0147a0146a0142a0141a0138a0136a0134a0132a0i31a0127a0127a0125a0125a0120a0120a0ll7a0116a0ll2a0ll0a0108a0l06aal04a0103a0102a0097a0097aû094a
Ol29a0123a0121a0121aOll9a0117a0115a0115a0112a0107a0112aQ142a0161a0158a0152a0151a0147a0l46a0145a0145aCXL40a0139a0136a0l35a0131a0130aaL29a0126a0123a0125a0123a0119a0116a0113a0ll4a0112a0111a0106aûl04a0104a0l00a0100a0098a0097a0093a
0l22a0l21a0118a0113a0112a0110a0l09a0108a0105a0105a0110a0135a0l58a0155a0148a 0144a0141a0143a0141a0138a0136a0134a0132a0130a0l27a0126a0124a0122a0122a0122a 0119a0ll7a0112a0112a0110a0108a0106a0l05a0l02a0100a0100a0098a0094a0093a009la
0120a0119a0ll7a0113a0112a0112a0108a0106a0106a0106a0109a0134a0156a0153a0150a 0147a0143a0143a0139a0139a0l36a0133a0132a0129a0128a0125a0121a0120a0121a0119a 0ll9a0118a0ll4a0110a0108a0106a010sa0l04a0102a0l01a0098aû098a0094a0091a0 9 a
202RUN A80
0287a0315a0336a0347a0350a0355a0360a0359a0360a0363a0360a0360a0357a0342a0333a0353a0389a0400a0392a0376a0359a0351a0348a0333a0322a0316a:j3U7a(J296a02 30aU385aU%70a0268a0256a0245a0236a022 8a0220a0213a0210a0203a0196a0191a0186a0181aOl77a
0289a0316a0342a0348a0353a0361a0361a 0362a0365a0367a0365a0364a036la0347a0338a 
0357a0390a0405a0396a0380a0362a(J353a0354a0335a0324a0321a0311a02 99a0295a0288a 
0282a027lac;261a0249a0236a0229a0223a0215a0210a0204a0l98a0l90a0188a0183a0171a
0288a0318a0338a0346a0352a0359a03 62a 0362a0361a0366a0 363aü364a0361a0346a0337a
0358a0394a0406a0399aü379a0362a03 55a 0356a0337a0325a0320a0312a0300a0291a0289a0
0280a0270a0261a0249a0238a0231a0223a 0218a0210a0203a0200a0192a0188a0182a0178a
0422a0465a0500a0514a0522a0528a0533a0535a053Sa0538a0539a0538a0531a0510a0500a 0532a05S4a0601a0596ap569a0539a0533a0537a0511a0500a0499a0486a0475a0465a0465a 0457a0447a0436a0421a0409a0398a0389a0379a0372a0365a0357a0351a0345a0336a0331a
0426aÜ470a0497a0514a0523a0528a0537a0540aû540a0541a0540a0538a0531a05l2a0507a 0534a0582a0603a0590a0567a0545a0539a0536a0513a0502a0497a0483a0474a0470a0463a 0456a0445a0434a0420a0405a0395a0391a037Sa0372a0365a0358a0351a0344a0336a0330a
0428a0468a0498a0517a0526a0533a0539a0544a0543a0544a0545a0540a0534a0518a0507a 0537a0590a0608a0598a0573a0547a0538a0544a0518a0507a0497a0489a04s0a0472a0466a 0461a0449aQ439a0424a0410a0400a0391a0384a0375a0365a0361a0355a0345a0339a0333a
0363a0394a0411a0418a0417a0427a0428a0429a0457a0487a0485a0467a0465a0435a0409a0427a0468a0474a0470a0444a0432a0426a0476a0552a0585a0585a0570a0564a0556a0551a0543a0520a0483aC4l7a0353a0310a0282a0268a0259a0250a0239a0232a0229a0224a0220a
0354a0383a0404aQ412a0416a0419a0427a0432a0456a0485a0481a0471a0457a0433a0408a0429a0464a0471a0468a0449a0428a0429a0477a0554a0592a05,87a057la0569a0554a0554a0546a0526a0483a0418a0350a0311aP282a0266a0257a0250a0240a0236a0231a0225a0221a
0339a0372a0394a0398a0400a0401a0413a0414a0436a0474a0468a0455a0449a0420a0402a00414a0450a0466a0454a0436a0420a0415a0470a0544a0583a0584a0567a0554a0554a0541a0537a0516a0473a0409a0349a0299a0276a0264a0254a0244a0239a0232a0225a0220a0215a
033 6a0357a0372a03 80a0386a0387a0392a0394a0417a0450a0446a0436a042 5a0402a0382a 0396a0425a0439a0435a0411a0399a0400a0446a0525a0553a0551a0544a0531a0528a0524a 0522a049la0450a0387a0324a0286a0259a0251a0240a0234a0225a0224a0212a0207a0207a
0317a0351a0369a0374a0380a0385a0385a0390a0412a0444a0441a0429a0420a0397a0377a0394a0424aQ437a0435a0409a0392a0393a0438a05l5a0549a0549a0538aOd32a0525a0521a0518a0492a0449a0384a0324a0280a0261a0247a0239a0232a0223a0219a0213a0205a0202a
203
RUN A81
0287a0315aQ336a0347a0350a0355a0360a0359a0360a0363a0360aü360a0357a0342a0333a0353aü3S9a0400a0392a0376a0359a0351a0348a0333a0322a0316a0307a0296a0290a0285a0278a0268a0256a0245a0236a0228a0220a0213a0210a0203a0196a0191a0186a0181a0177a
0289a0316a0342a0348aQ353a0361aQ3 61a 0362a0365a0367aÜ 365a0364a0361a0347a0338a
0357a0390a0405a0396a0380a0362a03 53a 0354a0335a0324a0321a0311a0299a0295a0288a
0282a0271a0261a0249a0236a0229a0223a 0215a0210a0204a0198a0190a0188a0183a017la
0288aQ318a0338a0346a0352aû359a0362a 0362a0361a0366a0363a0364a0361a0346a0337a
035Sa0394a0406a0399a0379a0362a03 55a 0356a0337a0325a0320a0312a0300a0291a0289a
0280a0270a0261a0249a0238a0231a02 23a 0218a0210a0203a0200a0192a0188a0182a0l78a
0422a0465a0500a0514a0522a0528aü533ap535a0538a053Sa0539a0538a0531a0510a0500a0532a0584a0601a0596a0569a0539a0533a0537a0511a0500a0499a0486a0475a0465a0465a0457a0447a0436a0421a0409a0398a0389a0379a0372a0365a0357a0351a0345a0336a0331a
0426a0470a0497a0514a0523a0528a0537a0540a0540a0541a0540a0538a0531a0512a0507a0534a0582a0603a0590aQ567a0545a0539a0536a6513a0502a0497a0483a0474a0470a0463a0456a0445a0434a0420a0405a6395a0391a0378a0372a0365a0358a0351a0344a0336a0330a
0428aü468a0498a05l7a0526a0533a0539a0544a0543a0544a0545a0540a0534a0518a0507a0537a0590a0608a0598a0573a0547a0538a0544a0518a0507a0497a0489a0480a0472a0466a0461a0449a0439a0424a0410a0400a0391a0384a0375a0365a0361a0355a0345a0339a0333a
0878a 031-1 a03a^a9337-ft0348a-0345aQ348a0354aQ350aO3 73a036?a0366 a0368a0346a0334» 09'62a03S6ft03 93a03 88a0869aO363aO847aO3'89aO47OaO68OaO53OaO493aO478aO473aO46 QaO* 44444444*
0278a0311a0328a0337a0343a0345a0348a0354a0359a0373a0367a0366a0362a0346a0334a0 0352a0386a0393a0388a0369a0353a0347a0389a0470a0520a0520a0493a0478a0473a0469a 0444a0398a0342a0287a0251a0232a0220a0215a0206aQl98a0194a0188a0184a0177a0l75a
0303a0310a0320a0329a0331a0337a0340a0342a0351a0363a0361a0356a0350a0336a0321a0339aQ373a0385a0376a0359a0340a0337a037la0451a0498a0495a0470a0457a0454a0446a0426a0382aQ327a0279a0247a0229a0216a0209a0201a0194a0186a0182a0178a0174a0169a
0275a0307a0326aQ336aQ341a0344a0345a0350a0358a0370a0370a0365a0362a0343a0329a0349a0381a0394a0387a0366a0350a0345a0381a0457a0507a0500a0482a0462a0459a0457a0432a0385a0331a0284a0251a0234a0221a0213a0208a0200a0l93a0187a0185a0177a0173a
0276a0305a0325a0334a0340a0344aü345a0349a0356aü366a0366a0360a0356a0343a0329a^0346a0380a0391a0385a0365a0349a0343a0377a0452a0495a0491a0468a0453a0449a0443a0419a0376a0325a0278a0246a0230a0218a0211a0204a0198a0192aaL88a0183a0177a0172a
0278a0304a0323a0331aQ337a0341a0345a0348a0352a0363a0364a0357a0351a0339a0327a 0345a0380a0389a0380a0360a0346a0345a0378a0448a0489a0482a0459a0445a0442a0437a 04l4a0373a0320a0275a0246a0230a0218a0211a0203a0199a0194a0186a0181aûl73a0171a
204
RUN A82
0287a0315a0336a0347a0350a0355a0360a0359a0360a0363a0360a0360a0357a0342a0333a0353a0389a0400a0392a0376a0359a0351a0348a0333a0322a0316a0307a0296a0290a0285a
0278a0268a0256a0245a0236a0228a0220a0213a0210a0203a0196a0191a0186a01SLa0177a
0289a0316a0342a0348ap353a0361a0361a0362a0365a0367a0 365a0364a0361a0347a0338a 
0357a0390a0405a0396a0380a0362a0353a 0354a0335a0324a0 321a0311a0299a0295a0288a 
0282aQ271a0261a0249a0236a0229a0223a 0215a0210aQ204a0198a0190a0188a0183a017la
0288a0318a0338a0346a0352a0359a03 62a 0362a0361a0366a0363a0364a0361a0346a0337a 
03 58a03 94a0406a0399a0379a0362a0355a03 56a0337a032 5a0320a0312a0300a02 91 a02 89a 
0280a0270a0261a0249a0238a0231a0223a 0218a0210a0203a0200a0192a0l88a0182a0178a
0422a0465a0500a0514a0522a0528a0533a0535a0538a0538a0539a0538a0531a0510a0500a 0532a0584a0601a0596a0569a0539a0533a0537a0511a0500a0499a0486a0475a0465a0465a 0457a0447a0436a0421a0409a0398a0389aQ379a0372a0365a0357a0351a0345a0336a0331a
0426a0470a0497a0514a0523a0528a0537a0540a0540a0541a0540a0538a0531a0512a0507a0534a0582a0603a0590a0567a0545a0539a0536a05l3a0502a0497a0483a0474a0470a0463a0456a0445a0434a0420a0405a0395a0391a0378a0372a0365a0358a0351a0344a0336a0330a
0428a0468a0498a0517a0526a0533a0539a0544a0543a0544a0545a0540a0534a0518a0507a0537a0590a0608a0598a0573a0547a0538a0544a0518a0507a0497a0489a0480a0472a0466a0461a0449a0439a0424a0410aa400a0391a0384a0375a0365aQ361a0355a0345a0339a0333a
0313a0334a0358a0370a0375a0381aQ382a0385a038Sa0390a0385a0386a03Sla0365a0356a0380a0413a0425a0415a0400a0380a0378a0389a0423a0444a0435a0410a0392a0385a0378a0359a0332a0301a0272a0258a0242a0234a0227a0220a0213a0209a0201a0195a0189a0187a
0310a0344a0365a0376a0378a0385aQ384a0388a0390a0394a0395a0388a0388a0370a0363a0385a0419a0430a0425a0406a0384a0382a0399a0430a0451a0446a0415a0397a0392a0387a0363a0335a0305a0277a0258a0248a0237a0228a0222a0214a0208aQ202a0l96a0191a0187a
0315a0347a0369a0379a0380a0387a0390a0394a0393a0395a0396a0391aQ387a0375a0364a0388a0422a0434a0426a0410a0389a0383a0398a0429a0450a0437a0415a0396a0388a0381a0365a0334a0307a0277a0260a0248a0238a0229a0223a0216a0209a0205a0198a0193a0l88a
0322a0349a0372a0385a0391a0393a0396a0400a0401a0402a0401a0402a0394a0379a0369a0392a0427aQ441a0430a0410a0393a0388a0404a0433a0454a0443a0418a0401a0396a0388a0369a0339a0309a028La0264a0252a0243a0236a0228a0221a0213a0207a0201a0197a0189a
03l7a0353a0375a03 87a03 88a0395a0396a03 99a0402a0405a0403a03 98a03 94a0378a037laO 0395a0431a0442a0435a0412a0393a0389a0405a0435a0454a0443a0422a0401a0394a0383a0 0370aQ336a0308a0282a0263a0252a0242a0233a0226a0223a0213a02Q9a0203a0195a0190a
205
RUN A83
0287a0315a0336a0347a0350a0355a0360a0359a036Qa0363a0360a0360a0357a0342a0333a0353a0389a0400a0392a0376a0359a0351a0348a0333a0322a0316a0307a0296a0290a0285a0278a026sa0256a0245a0236a0228a0220a0213a0210a0203a0l96a0191a0186a0181a0l77a
0289a0316a0342a0348a0353a0361a0361a 0362a0365a0367a0365a0364a0361a0347a0338a
0 357a0390a0405a0396a0380a0362a0353a 0354a0335a0324a0321a0311a0299a0295a0288a
0282a027la0261a0249a0236aU229a0223a 0215a0210aG204a0198a0190a0188a0183aOl7la
0288a0318a0338a0346a0352a0359a0362a 0362a0361a0366a0363a0364a0361a0346a0337a 
0358a03 94a0406à03 99a0379a0362 a0355a0356a0337a0325a0320a0312a0300a02 91a02 89a 
0280a0270a0261a0249a0238a0231a0223a0218a0210a0203a0200a0l92a0l88 a0l82a0178a
0422a0465a0500a0514a0522a0528a0533a0535a0538a0538a0539a0538a0631a05l0a0500a0532a0584aü601a0596a0569a0539a0533aQ537a0511a0500a0499aû486a0475a0465a0465a0457a0447a0436a0421a0409a039Sa0389a0379a0372a0365a0357a0351a0345a0336a0331a
0426a0470a0497a0514a0523a0528a0537a054Qa0540a0541a0540a0538a0531a0512a0507a
0534a0582a0603a0590aQ567a0545a0539a 0536a0513a0502a0497a04C3a0474a0470aC4G3aC456a0445aC434a0420a0405a0395a0391a0378a0372a0365a0358a0351a0344a0336a0330a
0428a0468a0498a05l7a0526a0533a0539a0544a0543a0544a0545a0540a0534a05l8a0507a0537a0590a0608a059Sa0573a0547a0538a0544a0518a0507a0497a0489a0480a0472a0466a0461a0449a0439a0424a0410aü400a0391a0384a0375a0365a0361a0355a0345a0339a0333a
, ■ 032la0356a0373a0384a0387a0395aQ397a0401aQ406a0409a0407a0403a0398a0382a0375a0397a0432a0445a0436a04x5a0397a0393a0418a0475a0508a0496a0476a0457a0452a0444a0 0422a0384a0338a0299a027la0256a0244a0240a0229a0221a0216a0209a0203a0199a0191a
■ ' ■ ■ ,i; 0324a0356a0380a0390a0394a0398a0403a0405a0408a0413a0412a0408aG401a0386a0374a1 0398a0438a0444a0438a0420a0399a0398a0422a0482a0511a0502a0479a0460a0453a0447a00426a0386a0343a0303a0274a0258a0247a0238a0228a0225a0216a0211a0205a0200a0193a
; 0316a0357a0377a0387a0392a0398a0401a0402a0408a0406a0404a0404a0397a0381a0372a. : 0396a0432a0444a0436a0414a0396a0396a0419a0474a0508a0496a0470a0450a0447a0443a0420a0381a0340a0296a0273a0256a0245a0235a0228a0220a0212a0207a0203a0197a0193a
0334a0358a0374a0384a0392a0394a0399a0401a0406a0410a0408a0401a0396a0377a0370a0 j . 0395a0431a0441a0431a0416aG398a0393a0419a0474a0507a0496a0474a0456a0446a0440a; . 0420a0385a0340a0302a0273aÔ256a0245a0236a0229a0222a0215a0209a0202a0197a0192a
i ; 0320a0354a0378a0386a0392a0397a0400a0402a0406a0409a0406a0403a0399a0379a0366a• * 0394a0431a0440a0435a0416a0399a0394a0421a0471aQ504a0491a0470a0444a0445a0439a0416a0378a0337a0296a0267a0253a0246a0233aQ227a0221a0212a0208a020Qa0197a0190a
c..
RUN A85 206
0094aQ091aOQ90aOQ87a0084aOQ83a0081a0077a0076aOQ76a0071a0.071a007la0069a0066a
OQ68a0065a0064a0065aOQ65a0065a0062a0062aQ060aOp58aOQ58aQ057a0057a0053a0050a0050aü048a0047a0047a0046a0045a0046a0044a0042a0b43a0042a0041a0041a0040a0038a
0096a0092a0090a0087a0086a0084a0082a0079a0078a0077a0073a0073a0070a0068a0069a 0067a0067a0065a0066a0064a0064a0062a0061a0059a0059a0057a0055a0054a0054a0053a 0051a0050a0050a0047a0046a0046a0046a0045a0044a0044a0043a0042a0042a0039a0040a
0096a0093a0092a0087a0087a0084a0081a0079a0079a0076a0074a0073a0071a0068a0068a 0067a0065a0064a0065a0066ao065a0063a0063a0060a0059a0056a0056a0054a0055a0051a 00 50a004 8a0049a0048aQ047a0045aQ045a0044a0043 a0043a0042 a0041a0041a0040a003.8a
0441a0433 a042 5a0413 a0402a03 91a03 86a0376a03 68a03 58a03 52a0345a033 5a0313a02 92a 0288a0286a0288a0286a0286aQ283a0279a0273a0272a0266a0262a0257a0253aQ246a0243a 0238a0236a0233au231aQ225a0221a0219a0213aQ212a0207a0205aQ201a0196a0195a0193a
0434a0425a0418a0410a0397a0388a0379a0372a0363a0356a0348a0340a0330a0309a0292a0289a0283a0281a0285a0285a0280a0276a0275a027Qa0264a026Qa0255a0250aQ244a0241a0240a0235a023QaQ226a0224a02l7a0216a0213a0211a02QSa0202a0202a0198aQ194aOl90a
0427a0422a0411a04Qlaü393a0387aQ376a0369aQ360a0353aQ346a0338a0326aQ307aü292a0285a028QaQ28Qa0282aQ278a0275a0275a027Qa0267aQ263a0257a0255a0249a0244a0240aOQ237a0232a023Qa0224a0221a02l7a0215a0211a0209a02Q3a02Q2a0198a0196a0193aQ190a
01QQa0097a0093a009laQ089aU087a0083aOQ84a0080a0078aOQ76a0101a0164a0195aOl93a 0192a0l90aOl95aQ2Qla0207a0204a0204 aQ2Q3 a0l99a0l9Qa0184a0169a0l47a0126a0109a 0094a0078aOQ74aOQ72aOQ70a0070aOQ69a0066aOQ64a0063aQ060a0058a0058a0053a0050a
0100a0099a0096a0092a0089a0088a0084a0082a0081a0080a0077aQ096aOl50a0186aQl93a 0198a0196a0l99a0205a0207a0206a0206a0202a0196a0186a0l75a0159a0l37a0ll8a0102a 0090a0077a0072aOQ71a0071a007Qa0067aa066a0064a0063a0061a0057a0056a0053a0052a
Ol02a0097a0094a0093a0092a0088a0086aQ084a0082a0080a0077a0094a0141a0181a0193a0199a0197a0203a0205a0206a0205a0204a0l97a0l91a0l91a0l88a0169a0l47a0129a0112a00094a0087a0080a0078a0074a0072a0073a0070a0067a0068a0064a0061a0059a0057a0051a
0101a0096a0095a0092a0091a0088a0086a0083a0080a0080a0079a0106a0181a0213a0206a0206a0201a0205a0207a0208a0205a0203a0200a0197a0195a0188a0l78a0161a0l40a0120a00103a0088a0081a0079a0077a0074a0075a0072a0070a0069a0065a0064a0061a0056a0053a
Ol01a0099a0097a0092a0090a0089a0084a0085aQ082a0081aQ079a0108a0185a0221a0217a 0214a0208a0207a0208a0206a0203a0202a0l99a0l97a0193a0l86a0l75a0l57a0140a0122a Ol07a0090aOQ85a0081aOQ81a0080a0078a0075aQ071aQ072a0069a0066aQ063aQ060aQ056a
RUN A8G and RUN A87 207
Parts A and B are as for RUN A 85.
0103a0100a0096a0094aQ092aQ087a0088a0086aa085a008Qa0082a0126a0213a0226a02l7a 0212a0209a 0205a0203a020QaOl96a0191a0190a019QaQl88a0188aOl90a0189a0185a0l78a 0162a0138aOl24a0115aOllla0108aOl06aOl01aQ093a0092a0089aOQ87a0083a0076a007la
OlOOaOQ99a0096a0093a0093a0091aüQ89a0087a0085a0082a0084aOl26a0212a0226a0215a0210aQ207a02Q2a02Q2a0198a0197a0196a 0l94a0l91a0l90a0187a0187a0188a0182a0176a0Q160aOl37a0122a01l7a0114aQlllaQ108aQlQ3a0097a0096a0094a0089a0084a0075a0072OlQ6a0103a01QOaOQ97aQQ95a0093a0091a0089a0086a0084a0084aOl27a0210a0224a0217a0212a0211a0208a0205a0203a0201aOl96aOl92aUl90aOl88aOl88aOl89a018Ga0181a0173aQ159aOl34a0124a0120aQ118aQ114a0111a0103a0099a0096a0093a0090a0086a0080a0073a
OlQ8aQlQ2a01Qla0099a0096aOQ91a0092a0089a0086a0084a0084a0128a0213a0223a0216a0212a0207a0203a0202a0l98a0195a0193a0l88a0188a0186a0184a0l84a0183a0181a0l74a0160a0136a0125aQ118a0116a0113a01Q9a0102a0098aQ094a0094a0090a0087a0081a0074a
0103a0102a0098a0096aQQ94a0093a0091a0089a0088aQ083a0084a0127a0210a0221a0214a 0209aQ204a 0203a0201aOl95a0l96a0l92a0l92 aOl89a0l86a0l84a0l84a0184a0l80a0169a 0157a0134a0121a01l7a0115a0114a0110a0105a0099a0098a0095a0091a0087a0081a0074a
.! RUN A87; C data
Ollla0109a0106aOlOOa0100a0101a0099a0098a0094a0093a0093aOl36a020Ga0215a0206a0202a0199a0l97a0l97a0195a0194a0188aül86a0186aül81a0l79a0l78a0l78a0l77a0l77a0175aQ166a0156aQ147a0144a0142a0139aOl31aOl23a0121aQ116a0112a0109a0102a0093a
0113aOllOa0109a0105a0104a0103a0104aQ102a0100a0096a0097aOl39a0209a0217a0205a0205a0200aOl99a0199a0199aUl96aUl9Ga0192a0190a0187a0185a0180a0183a0182a0181aOl79a0167a0158a0152aQ147a0146aOl40a0134aOl30a0124aOll9aOli7aOlllaOl03a0096a
Oll6a0112a0108a0104a0104a0100aQ101a0100aQ098a0093a0093a0138a0208a0215a0203a < 0199a0l97a0l98a0198a0196a0194a0192a0l88a0188a0l86a0186a0l83a0l83a0180a0l81a 0178a0168a0157a0150aai46a0143a0138a0131a0127a0123a0118a0115aQ112a0103a0093a
0112a0109a0107aQ101a01QQaQ100a0098aOQ98a0095a0090a0094a0133a0202a0210a0197a0197a0l91a0193a0l93a0192a0192a0187a0l84a0181a0l79a0l78a0l77a0l77a0177a0l78a00174a0164a0155a0147a0145a0141a0136aOi:27a0125a012la0115a0115a0110aQ100a0094a
0109aOllOa0105aQ104a0098a0101a0102a0100a0097a0092a0093a0135a0203a0209aOl93a 0194a0188a0l9Qa0194 aOl94a0193a0189aQl87a0186a(XL 81a0l80a0179aOL 78a0l77a0176a 0172aOl61a0154aQ147aQ147a0143a0139a0130a0126a0121a0115a0115a0109aOl01a0093a
208
RUN A88
0l74a0l71acja66aua60a0154a0l54a0148a0l45a0142a0139a0134a0129a0126a0ll9a0113a0111a0111a0110a0110a0109aül07a0l04a0104a0103a0101a0100a0096a0094a0092a0090a00090a0086a0085a0083au082a0079a0080a0076a0075a0074a0072a007la0069a0069a0067a
Ol76a0173aOl69aOl62a0159a0156a0151a0148a0144a0140aQ137aOl33a0129a0123a0119a0115a0113a0112a0113aOllOa0109a0108aOl04aOl02a0102aQlÛ2a0100a0096a0092a0093a0090a0089aü086a0085a0083a0083a0081a0078a0079a0075a007la0072a0070a0069a0067a
0178aOl74aOl68aül63aÜl61a0156a0151aOl46a0143a0140a0136aül32aOl30aQ125a0120a0118a0115â0114a0114a0111a0108aCaQ9aOl07a0103aQ102a0101a0099a0096a0095a0092a0091a0089a0087a0084a0û84a0083a0p79a0079a0079a0078a0075a0074a0072a007la0067a
0448a0442a0433a0424a0414a0405a0394aü390a0381a0373a0367a0360a0350a0340a0330a0324a03l8a0314a0311a0307a0301a0296a0292aQ286a0282a0278a0272a0266a0262a0260a0255a0249a0246a0242a0239a0236a0233a0229aü225aü225aQ220a02l7a0212a0209a0208a
0450a0450a0440a043Qa0421a0413a04Q3a0394a0388a0382aQ373a0361a0355a0346a0337a 0331a0322a0322a0317a0312a031Qa0301a0297a0292a0287a0281a0277a0272a0267a0262a 0261a0254a0248a0247a0242a0241a0235a0234a023Qa0228a0223a0221a0218a0215a0211a
0452a0443a0436a0425a0414a0406a0398a0387a0382a0375a0366a0359a0349a0339a0331a0322a0318a0315a0311a03p7a0302a0297a0290a0287a0281a0274a0272a0266a0264a0257a0254a0250a0246a0241a0238a0236aü229a0229a0225a0223a0218a0214a0213a0209a0208a
0220a02l7a0209a0205aül97a0l91a0187a0l84a0l79a0l74a017la0198a0260a0279a0271a0268a0261a0262a0264a0263a0260a0252a0251a0249a0246a0240a0232a0222a0200a010a00166a0149aOl40a0136a0131aOl29aQ127a0122aQ119aOll8aOll3a0110a0107a0102a0100a
02l7a0213a0208a0202a016a0l90a0186a0l79a0176a0l72a0170a0l95a0257a0283a0281a020278a0271a0270a0269a0267a0263a0259a0255a0251a0247a0241a0232a0217a0197a0180a0163a0l46a0l37a0l35a0l29a0l27a0128a0125a0118a0ll8a0117a0111a0109a0105a0100a
0212aQ209a0205a0200a0l92a0l87a0l83a0178a0174a0l69a0166a0191a0252a0281a0280a0277a0273a0272a0270a0266a0264a0259a0254a0251a0244a0238a0227a0211a0193a0l76a0159a0144a0138aÜl34a0132a0128a0127aOl22a01l9aOll8aQ115aOll2aOl08a0103a0100a
0215a0211a0205a0200a0l92a0187a0183a0178a0l74a0l70a0166a0190a0249a0283a0283a0283a0276a0275a0271a0269a0265a0262a0258a0251a0247a0238a0223a0207a0190a0l75a0160a0144a0137a0l33a0130a0131a0127a0l25a0120a0119a0115a0112a0109a0l05a0103a
02Q8a02Û3aOl98a0191aOl90a0181a0180aOl72aOl68a0166a0163a0182aQ235a027iaQ278a0278a0271a027la0269a0265a026Qa0257aQ250a0246a0240a0227a0212a0194a0181a0167a015laOl39a0133aQ13Qa0129a0127a0125a0123a0116a01l6a0113a01Q8aOl07a0104a0098a
Note: Runs 88,90, 92,94 use the same data for A and B «
RUN A9Ü 209
c data
0211a0214a0208a0202aOX98a0193a0189a 0181a0l77a0l74a0l7la0211a0287a0291a0281a 
0276a027la0269a0266a0264a0260a0257a0252a0247a0243a0243a0241a0235a0233aQ229a 
0216a0198a0184a0l76a0172a0166a0163aül55a0l48a0l46aCa43a0137aül33aaL26a0X19a
0204a0207aQ203aOl95aQ193a0185a0182aOl78aÜl73a0167a0168a0205a0278a0284aü274a 
027la0265a0262a0261a0254a0250a0247a0242aü238aQ235a0235a0233a0228a0225aü219a 
0 2 06a0188aOl77a0167a0164a0159a0156a0150a0145aQ143a0142a0136a0130a0124a0119a
0205a0199a0194a0189a0184a0l79a0l75a0l72a0168a0163a0164aül99a0267a0275a0267a
0261a0258aü256a0251a0248a0243a0237a0235a0233a0229a0227a0224aQ220a02l7a0212a
0201aOl83aOl70aOl64aQ16Qa0157aOl53aûl47a0142aOl39a0139a0130a0127a0121a01l7a
0204a02QOa0195a0188a0184aOl81aQ177aOl72aOl69a0164a0162aOl99a0268a0275a0267a 
0260a0256a0253aü251a0246a0243a0241a0234a0232a0228a0228a0226a0222a0218a0211a 
0199a0183a0l69a0165a0163a0159a0l53a0145a0142a0l40a0138a0l34a0129a0121a0116a
0203a0201àol96a0l91a{)188a0182a0177a0l73a0168a0164a0162a0l99aü269a0275a0266a
0260a0257a0255a0251a0246a0243a0239a0236a0231a0229a0226a0223a0221a0217a0210a
0200aOl78aOl68a0162a0160aQ159a0154a0147a0142a0138a0137a0132a0128a0122a0116a
R U N  A92
C data
0227a0220a0216a0209a0205a0202a0197a0l92a0186a0180a0180a0214a0268a0273a0266a. 
0262a0255a0252a0249a0244a0240a0237a0233a0229a0227a0223a0219a0217a0216a0215a 
0 213a0206a0197a0189a0184a0179a0l74a0167a0161a0l57a0150a0146a0l42a0134a0128a
0227a0224a02l6aü211a0209a0202a0200a0l98a0193a0188a0186a0220a0270a0276a0267a
0262a0257a0252a0249a0247a0243a024qa0235a0229a0226a0224a0221a0218a0216a0216a0
0213a0208a0196a0189a0186a0l81aûl75a0167a0163a0160a0l54a0l48a0l45a0138a0129a
0233a0237a0231a0226a0219a02l7a0210a0207a0202a0197aûl96a0232a0279a0284a0277a
0270a0266aûB62a0258aO,256a0252a0246aQ241aü239a0234a0233a0230a0229a0225a0222a
0221a0214a0207a0l99a0l94a0188a0184a0176a0l70a0i64a0161a0156a0150a0145a0138a
fi)g41a0234a0227aü221a0214a0213a0209a0204a0199a0195a0193a0225a0269a0275a0268a 
0263a0258a0253a0251a0247a0244a0240a0234a0230a0227aü226a0222a0221a0217a0217a 
0214a0206a019Sa0l91a0184a0181a0l77a0l70aül64aOl60a0157aQl52a0147a0140a0134a
0248a0237a0231a0226a0221a02l7a0213aü206aQ202a0199aOl95a0227a0274a0277a0269a 
0264a0258a0256a0251a0246a0242a0237aQ235a0233a0228a0225a0221a0219a02l9a0216a 
O215aO2O6aO2OOaQ192aOl85aQ182aOl78aOl71aO167aO162aO157aQ154aO15OaO144aOl360 ^
R U N  A94 '
C data
0246a0243a0239a0229aQ232a0229a0228a0225a0224aQ2l9a0230aû252a0254a0234a0221a 
0223a0216a0218a0218a0219a0216aQ213a0211a021Qa0207a0204a0203a0201a0199a0201a 
0199a0198aOl94aOl90a0189aQ184a0181a0179a0176aOl75aOl70aQ169a0167a0161aOl56a
0240a0239a0235a0229a0226a0224a0222a0221aü219a0219a0228a0248a0252a0234a0224a 
022la0216a0218a0217a0215a0214a0209a0206a0205a0203a0203a0199a0199a0197a0198a 
0 1 96a0194a0194a0189aül86aQl82aOl80a0l76a0175a0172 aül68a0168a0166a0161aOl55a
0237a0237a0229a0222a0220a02l9a0221a0220a0220a0213a0223a0246a0250a0233a0223a 
0218a02l6a0213a0212a0212a0210a0206a0206a0202aü201a0200a0199a0196a0194a0194a0 
0 1 9 4 a0191aOl92a0187a0182a0181a0178a0l77apl73 a0l7la0l66a0164a0l61aOl58a0152 a
0247a0239a0236a0229a0223a0222a0225a0222a0218a0216a0227a0249a0251a0237a0226a
0224a0218a02l7a0216a0215a0213a0209a0207a0205a0204a0202a0199a0198a0l97a0197a
0197a0195a0191a0189a0184a0l82a0182aül79a0175a0l72a0168a0l69a0164a0l59a0154a
0239a0236a0233a0228a0225aü221a0220a0218a0220a0219a0228a0252a0254a0240a0230a
0227a0223a0221a0220a0214a0209a0206a0204a0203a0201a0200a0l97a0195a0192a0191a0190a0192a0188a0185a0182a0179a0175a0l73a0l71a0167a0165a0162a0160a0166a0152a
{ • RUN A89IÎ . 0764a0825a0864a0875a0878a0879a0877a087la0866a0859aü854a0846a0832a0803a0779a
i 0809a0865a0881a0866a0832a0800a0779a0766a0734a07l0a0690a0664a0641a0621a0603a
j 0580a0557a0530a0506a0483a0462a0448a0432a0416a0402a0389a0374a0362a0352a0341a
i ' ■
i 0800a0854a0892a0905a0907a0907a0904a0900a0893a0889aü883a087laQ860a0832a0810a
! : 0841a0893a0908a0892a0860a0830a0809a0796a0764a0742a0721a069la0668a0649a0628a
! 0604a0578a0552a0526a0498a048Xa0464a0448a0433a0419a0403a0390a0375a0365a0352a
! 0819a0863a0900aQ913a09l5a0915a09l2aü907aQ901a0896a0891a0878a0865a0838a0815a
|. 0845a0901a09i2a0898a0868a0835a0816a0802a077la0746a0724a0696a0672a0652a0631a
! 0607a0581a0553a0525aQ500a0483a0468a0450a0434a04l7a0403a0391a0378a0364a0356a
1207al254al284al293al298al301al302al300al300al296al291al285al276al254al238a
1267al305al315al309al295al277al267al260al242al222al206all86all65all48all32a
1112al089al069al044al021a0998a0977a0956a0936a0912a0893a0875a0854a0835a0816a
1204al245al279al287al291al294al295al295al293al289al285al281al270aX251al234a 
1262al302al312al3Q6al293al276al266al255al239al219al203all82all63all44all28a 
1 107al087al062alQ39al015aQ993a0972a0952a0932a0908a0891a0872a0850a0830a0812a
1 197al247al282al292al297al3QOal302al298al30Qal297al291al285al275al254al239a
1267al307al3l7al311al298al281al270al261al243al224al209all88all68all51all33a
1113al091al069alQ45alQ21aQ998a0976a0957a0937a0917aü895aQ872a0853a0835a0817a
0967al019alQ55al064al067alQ68al066al061al056alQ54al049al035al022a0991a0968a 
0996al044alQ57al047al020a0996aQ976a0969a0983a0984a0962a0924a0882a0849a0819a 
0784aQ736a0690à0644aQ6Q3a0575a0552a0532a0508a0489aQ469a0452a0437a0419a0406a
0966al025al059al070al072al07lal068al062al063al062al055al043al027a0996a0974al
lQ01al05lal063al052al027al004a0984a 0976a0984a0985a0964aQ921a0880a0849a0820a
0782a0737a0691a0644a0611a0582a0556a0535a0513a0492a0475a0456a0439a0422a0411a
0954al013al048al058al059al059al058al057al054al049al045al030al014a0985a0963a
0989al039al055al043al0l7a0991a0971a0963a0968a0966a0944a0905a0866a0832a0801a
0766a0723a0676a0635a0598a0573a0547a0527a0501a0487a0468a0450a0429a0417a0402a
0960al0l6al050al060al061al06lal059al054al052al051al042al031al0l7a0985a0964a0
0990al042al055al042al021a0995a0976a 0965a0968a0965a0941a0903a0860a0829a0800a
0762a0722a0677a0633a0601a057la0547a0524a0506a0487a0469a0448a0433a0416a0404a
0956al014al048al061al062al063al059al056al065al053al046al033al018a0986a0961a 
0 991al040al053al0 4 3 al019a0993a0974a0964a0964a0958a0932a0894a0855a0820a0790a 
0 756a07l4a067la0631a0598a0570a0545a0525a0504aQ483aQ464a0448aQ432a0415a04Q4a
Note: Runs 899 91 95 95 use the same data for A and B*
RUN Aül 211
C data
09ü2a097lal006al016alOl7al032al034alC30al032pJl035pl03r;r.l.ni7p3 0ryln7r/72rCr47r. 
C£73al024al037al026al004a09&La0962a0992al086all31alll8al083al043al016a0993a 
0956a0900a08l6a0725a0650a0593a0554a0527a0504a0483a0464a0447a0430a0415a0400a
0931a0989al023al033al038al035al035al032al034al037al031al016al002a0971a0946a
0974al025al036al025al004a0981a0963a0991al084all29alll4al079al041al012a0990a
0952a0892a0811a0724a0646a0594a0556a0527aü504a0484a0465a0447a0432a0416a0403a
0938a0987al020al033al034al036al035al032al034al035al031al019al003a097la0947a0
0975al025al039al026al008a0984a0966a0996al086all31alll6al080al042al013a0993a
0956a0895a0817a0727a0650a0594a0557a0529a0507a0486a0467a0446a0432a04l7a0404a
0934a0990al029al036al037al039al037al036al035al040al036al023al010a0978a0953a
0980al031al043al031al012a0988a0970al000al090all32alll9al082al042al014a0990a0
0954a0895a08l5a0725a0651aû596a0561aü532a0510a0490a0470a0453a0436a0421a0408a
0930a0988al024al036al037al037al037al032al035al040al033al023al008aÜ976a0951a
0976al027al039al031al011a0986a0969a0997al085all26alll3al076al035al008a0983a
0949a0889a0808a0724a0648a0600a0561a0536a0510a0489a0469a04â4a0439a0422a0408a
R U N  A93
C data
1 011al063al094all05all07all08all07all06all07alll0all04al093al080al050al028a
1058all06all20alll3al095al076al065al090all53all7lall58all41all21all02al083a
1064al039a0994a0923a0834a0750a0688a0648a0616a0590a0569a0546a0526a0510a0495a
0985al040al071al085al086al088al087al082al082al089al080al073al059al028al006a
1039al087all01al091al073al055al040al065all31all49all37alll8all00al079al059a
lQ40al013a0967a0895a0803a0724a0664aQ624aÛ593fiü567a0549a0530a0512a0494a0476a
103€al 084al lOdalb èlàiofdÜ056àl044al070all 33Ü1 àôaï î 3 Tan 22 cdibb^ oWaîb^'a 1042al014a0968a0897a0809a0727a0667aü626a0595a0570a0549a0529a0513a0493a0481a
0981al035al069al080al081al081al080al077al080al083al075al069al055al026al001a
1031al081al096alQ85al070alQ51al037al064all24all44all31alll4al097al074al058a1038al010a0961a0887a0800a0721a0663a0622a0592a0567a0545aü525a0506a0490aü476a
1002al059al092all01all05all03all02all01all04all08all03al090al075al047al024a1053all05alll8alll0al092al074al061al087all49all69all56all41alll9all01al082a
lQ62al032a0984a0913a0825a0743a0683a0644at)611a0586a0563a0544a0526a0510a0490a
R U N  A95
C data0876a0928a0946a0952a0954a0956a0954a0955a0968aü987a0982aü966a0956a0923a0899a0928a0981a0998a0995a0986a0975a0968a0999al041al040al026al008a0989a0969a0952a0936a0928a09l8a0899a0846a0759a0674a0607a0569a0543a0512ao496a0482a0461a0451a
0856a0910a0940a0938a0939a0942a0947a0946a0958a0973a0971a0960a0944a0914a0887a0919a0969a0985a0980a0973a0967a0961a0989al034al034al014a0997a0981a0960a0942a00927a0916a0907a0891a0839a0750a066Ûaü600a0561a0529a0508a0488a0468a0451a0443a
0868a0927a0953a0957a0957a0959a0960a0959a0968a0993a0991a0975aP958a0927a0904a
0938à0987al006al000a0989a0983a0978al002al049al049al035al016a0997a0978a0960a0946a0932a0926a0909a0858a0770a0679a0616a0576a0550a0516a0501a0481a0468a0449a
Û843a0899aû922a0930a0933a0930a0932a0932a0949a0967a0959a0944a0937aü904a0878a
0 905a0966aQ978a0970a0958a0953a0951aü979al026al026al008a0990a097la0952a0932a09l8a0911aû904a0885a0831a0745a0658a0587aü546aQ517a0492a0475a0462a0450a0438a
0852a0908a0931a0934a0933a0935a0934aü929a0946a0972a0969a0954a0940a0908a0880a0907a0967a0978a0970a0964a0957a0951a0979al029al029al012a0994a0977a0955a0937a
0 922a0912aQ904a0887a0835aü745a0654a 0590a0552a0522a0498a0484a0464a0453a0416a
212
RUN Al00
0255a0252a0246a0239a0232a0225a0220a0213a0210aQ202a0198a0l93a0191a0191a0189a
0l87a0l84a0l79aül79a0172a0169a0l64a0157a0l56a0l50a0146a0l43a0138a0137a0135a
0132a0131a0127aOl25aOl22a0119a0119aQ117a0112aQ110a0111aQlb8aOl07a0104a0102a
0260a0254a0245aQ239a0234a0228aü222a02l7a0211a0205a0198a0197aOl94a0197aOl94a
0189a0185a0180a0178a0l75a0l70aül65a0159a0154a0l51a0l47a0146a0141a0140a0134a
0132aül31a0128aQ127aOl24a0121a0119aûil7a0116a0114aOllla0111a0109a0107a
0270a0266a0258a0251a0244aU238a0231a0227ab2l9a0214a0208a0204a0200aQ198a0198a 
0197a0192a0187a0183a0180a0177a0l70a01p7a0163a0157a0l53a0150a0147a0142a0141a 
0139a0133a0132a0129a0128a0125a0123a0121aQ118a0119a0ll5a0112a0111a0111a0109a
0459a0447a0436a0426a0414a0403a0395a0385a0377aü369a0361a035la0345a0332a0323a
03l7a0312a0307a0305a0299a0292a0286a0283a0277a0274a0268a0262a0259a0255a0250a
0246a0243a0247a0240a0231a0229a0227a0222a02l9a0214a0212a0208a0205a0202a0200a
0449a0441a0432a0421a0410a04boaQ392a0383a0377a0367a0361'a0352a0344a0332a0324a
0319a0311a0307a0303a0299aQ292a0286a0282aü277a0272a0267a0263aQ259a0255a0250aO
0245a0242a0238a0236a0229a0228a0223a0221a0221a0214a0211a0207a0207a0202a0201a
0451a0446a0434a0424a0413a0406a0396a0386a0380a0371a0360a0352a0344a0337a0326a 
0321a0313a0306aü305a0300a0297a0290a0286a0279a0274aQ269a0265a0261aü255a0251a 
0 248a0243a0237a0235a0229a0229a0224a0222a0219a0216a0213a0208a0205a0203a0200a
0315a0315a0309a03QlaQ292a0283a0275a0270aQ262a0255a0253a0260a0286aÛ301a0303a 
0306a0303a0308a0311a0308a0305a0301a02 93a02 85a0276a0264a0245a022 8a0215a0205a 
0 195a0183aOl79a0175aOl73aOl69a0166a0162a0159a0157a0153aQ151a0148a0142a0137a
0303a0298a0290a0283a0276a0267a0262a0254a0247a0241a0234a0245a0279a0295a0298a 
02 99a0294a02 92a02 96a0291a0289a0282a0276a0269a0259a0247a023 7aC)222aü209a ul 97a 
Ül88aül74aül69a0l68a0l66a0163a0l59a0156a0l51a0151a0l46a0142a0140a0138a0l33a
û302a0297a0290a0283aQ272a0267a0261a 0253a0247a0240a0235a0246a0281a0300a0301a
0300a0297a0297a0296a0293aÛ287a0282a0273a0269aQ263a0251a0237a0223a0208a0198aO
0187a0175aül7la0167a0166a0162a0160a 0157a0152aai50a0147a0142a0139a0l36a0134a
0307a0298a0291a0282a0275a0267a0260a 0253a0247a0242a0238a0245a0280a0304a0307a
0 305a0300a0297a0297a0294a0288a0283a0278a0271a0262a0251a0237a0226a0210a0200a
0187a0l76a0173a0167a0166a0164a0l60a0157a0l52a0150a0147a0143a0142a0137a0134a
0304a0296a0287a0282a0272a0267a0258a0254a0246a0240a0235a0248a0282a0302aü307a
0304a0299a0295a0296a0290a0287a0281aQ275a0269a0262a0250a0236a0225a0207a0198a
0187a0175a0l70a0164a0164a0162a0159a 0155a0150a0151a0146a0l42a0141a0135a0132a
Note : runs 100, 102 IO4 I06 use the same data for A and B,
. i
213RUN A102
C data
0 3 1 5a0308a0300a0291a0284aQ276a0268a0263a0255a0249a0243a0267a0322a0335a0326a 
0318a0312a0308a0304a0299a0292a0287a0285aU280a0274a0269a0264a0257a0249a0238a 
0227a0213a0207aQ205a0204a0204a0l96a0192a0185a0l82a0l80a0l76a0l72a0166a0159a
0293a0285a0276a0271a0262a025ta0248a0243a0235a0231a0228a0254a0301a0311a0309a
0297a0294a0287a0286a0277a0277a0271a0269a0264a0259a0254a0249a0242a0233a0226a
02l6a0200a0196a0194a0194a0190aOl89aOl78aQl76aOl72a0167a0166aQl62a0156a0149a
0287a0281a027la0266a0259a0251a0244a0240a0231a0227a0222a0250a0297a0307a0299a0 
02 91a02 86a02 81a02 76a027la02 67a0261a0258a0254a02 53aQ246a0241a0235a0227a0219a0 
0208aQl95aQ188a0187a0186aQ183a0178aOl74a0169a0168a0165a0161aOl56a0151a0145a
0283a0278a0271a0263a0258a0251a0243a0236a0231a0227a0221a0247a0296a0305a0294a
0288aQ283a0278a0276a0269aQ265a0262aü257a0253a0251a0246a0240aü233a0227a02l5a
0208a0192a0186a0184aOl83a0182a0178aQ172aOl68aOl65a0162a0159a0155a0150a0144a
0283a0277a0267a0262a0255a0247a0241a0237a0230a0222a02l7a0243a0291a0301a0291a
0286a0281a0277a0272a0268a0262a0259a0253a0249a0246a0242a0238a0232a0225a02l4a0
0206a0191a0185a0183a0183aQ180a0178aOl72a0167a0165a0163a0159a0154aOl46a0143a
R U N  A104 
C data
0286a0283a0274a0267a0260a0252a0246a0240a0235a0228a0227a0254a0301a0305a0296a
0289a0284a0280a0274a027la0265a0261a0255a0251a0248a0245a0241a0236a0234a0228a
0225a0218a0213a0210a0208a0207a0200a0197a0194a0189a0185a0180a0l81a0172a0167a
0278a0276a0269a0262a0252a0247a0241a0235a0230a0225a0221a0249a0296a0299a0290a
0283a0278a0276a0270a0267a0264a0257a0254a0250a0245a0241a0236a0232a0231a0227a
0222a0212a0209a0208a0205a0203a0199a0l95a0l89a0188a0182a0l78a0l76a0l7laul62a
0278a0274a0264a0257a0252a0244a0240a0233a0226a0219a0218a0246a0295a0296a0287a0
0 282a0275aü272a0268a0264a0260a0254aü247a0244a0239a0235a0234a0231a0227aü226a
0 220a02l0a0206a0203a0202a0201a0194a0189a0187a0183a0180a0l77a0l73a0167a0161a
0283a0274a0267a0261a0251a0246a0240a0233a0229a0223a0219a0246a0296a0298a0286a
0282a0277a0272a0270a0265a0258a0252a0250a0249a0241a0238a0234a0229a0227a0226a
0220a0212a0206a0204a0202a0200a0l94a0193a0188a0185a0178a0l78a0177a0167a0161a
0278a0270a0262a0256a0249aQ244a0238a0232a0225a02l9a0216a0245a0293a0293a0286a 
0277a0273a0268a0266a0261a0258a0253a0248a0245a0239a0239a0233a0228a0226a0222a 
02l7a0209a0207a0206a0202 aOl99a0195a0190a0186a0l83a0180a0176a0173a0167a0162a
R U N  A106
C data
0273a0263a0260a0252a0248a0243a0238a0231a0224a0220a02l7a0236a0254a0247a0240a 
0234a0228a0225a0221a0218aQ218a0216a0210a0208a0206a020QaQ198a0196a0194aOl94a 
0191aOl92a0185a0182a0178a0177a0172a0l70a0l68a0165a0163a0159a0l5 6aOl57a0154a
0266aQ262a0256a0250a0245a0236a0236a0229a0223a0218a0216a0233a0251a0244a0236a 
0233a0229a022,6a0224a0219a9215a0214a0210aQ205a0204a0197aOl97a0195a0194aOl94a 
0 192a0189a 0187apl82a0177a0174a017la 0166 aOl6 7 a 0163a0l61a0lGOaOl55a0156a0153a
0264a0258a0250a0243a0238a0233a0229a0223a0218a0215aQ212a0228a0248a0240a0232a 
0227a0224a0219a02l7a0215a0212a0209a0206a0204a0200a019Ga0193a0191a0188a0l87a 
0188a0187a0183aOl77aOl74aÜl70aOl68aÜl66a0164a01Gla0157a0166a0154a0153a0149a
0 2 6 5 a 0259a0251a0248a0239a0236a0229à0227a0219a0216a0214a0231a0249a0242a0233a 
0230a0224a0220a02l8a0215a0214a0211a0207a0203a0201a0198a0193a0189a0l9la0190a0 
0 1 88a0188a0185aOl80a0175a0l70a0170a0167a0163a0l62a0159a0158a0156a0155a0155a
0264a0257a0252a0244a0236a0235a0226a0222a0217a02l2a0212a0226a0246a0239a0229a0227a0222a0219a0215a0214a0210ap208a0206a0201a0198a0l96a0l90a0189a0189a0187a
0188a0185a01SlaOl77a0173a0170a0167a0165a0163a0159a0157a0154a0152a01SOaOl50a
2 1 4
R U N  A l 01
1073all29all59all7lall74all74all72all67all64all58all52all39all31all02al082a
1114all60all73all66all50all32alll5all00al076al055al030al005a0977a0948a0922a
0892aü86laQ828a0796a0767aü741a07l8a0695a0674a0649a0629a0608a0588a057la0553a
1090all34all65all77all79all80all78all76all7lall65all59all52all39allllal091a
1122all70all81all73all58all36all22all05al085al063al040al012a0984a0956a0928a
0901a0873a0840a0807a0777a0751a0728a0704a0682a0658aQ636a06l4a0596a0579a0561a
1096all43all73all82all83all84all83all82all76all7lall65all55all43alll4al094a 
1126all73all86all79all65all46all31aill4al092al069al046al022a0994a0965a0939a0 
0 9 0 9 a 0878a0848aü815a0787a0758a0734a07l2a0690a0666aQ645a0623a0605a0584a0567a
Il78al224al256al268al272al276al279al275al274al275al272al267al259al236al226a
1254al294al306al304al293al282al272al263al250al235al218all98all83all64all47a
1130all07al085al063al040al018a0998a0978a0958a0942a0922a0900a0880a0862a0844a
1186al232al261al276al280al282al284al285al284al283al280al27lal263al243al231al
1262al302al314al310al301al290al278al269al252al238al224al208all88all70all53a
1135alll6al094al071al046al025al007a0990a097la0948a0930a0908a0887a087la0855a
1194al242al27lal279al283al286al288al291al290al286al283al278al27lal251al238a
1264al304al3i6al313al305al294al284al274al262al247al233al214all93all74all57a
1141all22all00al076al053al036al016a0996a0976a0955a0935a0916a0896a0879a0861a
1093all4lall7lall82all83all88all87all84all80all74all68all59all46alll8al099a
1127all75all89all81all65all47all29all20alll7all08al087al059al026a0997a0972a
0943aQ909a0869a083Qa0799a0768a0742a07l8a0695a0673a0653a0630a0612a0589a0572a
1090all44all73all83all87all84all84all83all79all76all69all57all47alll5al098a
1129all76all89all83all66all48all33all20alll5all06alOS5al057al026a0999a0972a
0941a0908a0866a0832a0797a0767a0741a07l7a0696a0672a0654a0632a0611a0593a0575a
1106all62all92all99al202al203al200al200all97all92all87all79all66oll36all21a
1148all94al207all97all85all67all52all43all38all30alll0al081al048al023a0995a0
0963a0928a0893a0855a0823a0794aQ766a0740a0721a0698a0676a0653a0635a0613a0597a
1083all39all7lall76all80all82all79all77all72all69all61all52all41alll5al099a 
1130all75all88all80all65all48all33all22alll8all08al090al059al029al001a0972a • 
0943a0908a0871a0831a0799a0772a0746a0724a0700aQ679a0656a0637a0614a0598a0579a
1098all55all86all97al203al2b4al204all98all97all94all87all81all66all40all21a 
1151all96al210al202all87all69all56all45all37all29allllal083al052al024al000a 
0970a0934a0894a0855a082 5a0798a0772 a0749a0723a06 99a0679a0656a0635a0617a0599a
Note: runs 101 105 105 107 use the same data for A and B,
215
I RU N  A103
I C data
1 1041al098aX130all42all45all46all45all41all41all39all33all25alll0al080al062a
I 1095all41all55all48all30alll3al096al096alll6all20al098al065al032al005a0977a
i 0946a0903a0857a0812a0774a0740a07l5a0691a0667a0646a0623a0605a0586a0566a0552a
■iI 1041al096aa.l29all41all44all45all44all41all40all40all30all23all08al078àl061a
j 1092all40all54all45all26allllal097al093alll3alll6al099al068al030al001a0977a
I 0944a0903a0855aü809a0768a0738aQ713a0691a0667a0643aü622a0603a0584a0567a0548a
I  1038al095all30all41all42all42all42all40all40all40all34all23all09al080al060a
I 1093all41all55all48all28alll2al094al092alll4alll8al099al065al033al006a0980a
i 0947a0904a0856a0809a0770a0738a0712a0690a0667a0646a0624a0603a0585a0566a0551a
i
i 1037al095all27all41all42all44all40all41all41all39all34all23all09al077al060a
; 1 0 9 5 a l l 3 8 a l l 5 3 a l l 4 7 a l l 2 9 a l l l 4 a l 0 9 8 a l 0 9 3 a m i a l l l 8 a l 0 9 9 a l 0 6 8 a l 0 3 4 a l 0 0 4 a 0 9 8 0 a
! 0949a0904a0856a08lla077la0741aü716a0691a0667a0646a0626a0604a0564a0552a0537a
' 1043all02all37all49all52a3.152all50all48all50all50all44all34all21al093aX07lal 
1100all47all60all53all38all21all07all05all26all32alll3al077al034al005a0980a 
0946a0904a0857aü811aQ769a0736a0707a0686a0664a0642a0622a0601a0585a0566a0550a
; R U N  A105I C dataI 1012al070all02alll3alll5alll6allX6alX16alll8all29all24all08all01al078al055alI 1086all34all46all38all24all04al082al088all30all46all29al098al065aX038al014aI 0982a0937a0878a0820a0769a0733a0702aQ678a0656a0635a0612a0603aQ580a0559a0544aJ
j 1028alQ80allllall22all27all27all27all28all31all35all29alll8all05al074al050a
1083all29all40all32alll6alQ98al083al090all30all51all33all02al070al043al019a 
! 0986a0938a0880a0826a0776ia0735a0706a0681a0658a0637a0614a0594a0577a0558a0543a. ' Ii 1032al076all08all20all24alll8alll6alll2alll7all22all20all08al096al065al04la
I 1072alll7all32all25alll0al095al077al085all26all46all30al099al064al039al015a0
0 981a0933a0875aQ816a0766a0727a0698a0674a0652a0630a0609a0590a0571a0556a0538aI
0995alQ59al094allQ4all07all07all07all07alll2alll9alll3al099al086al054al032a 
i 1066alll3all26alll8all03al087al071al078alll9all39all21al091al059al033al010a
i 0975a0925aQ865a0807a0761a072'Oa0695a0670a0644a0623a0602a0583a0567a0545a0533a
i . ■ ■j 0995al056al091al099allQ4all04all04all06all09alll6alll2allOOaX086al056al034a
l063alll3all22alll6all02al083al070aX0:79aX119all39all23al095al058al034al010a 
I 0975a0925a0867a0809a0758a0721a0693a0668a0645a0623a0602a0583a0564a0546a0535a
R U N  A 1 0 7
; C data
082 5a0878a0915a0932a0937a093 8a0945a0949a0979al018al016a0998a0981a0943a0911a 
0937a0984a0998a0992a0977a0965a0953a0978àl028al045al030al019al004a0982a0968a 
0948a 0 9 1 8a0867a0796a0726à0670a0631a0607a0585a0570a0551a0534a0518a0504a0490a
0810a0873a0912a0929a0932a0934a093 8a0943 a0976al016al014a0994a0977a0940a0 91Oa 
i 0934a0981a0995a0988a0974a0962a0951a0973al029al041al030al0l7al001a0982a0966a
0946a0918a0869a0796a0725a0669a0633a0607a0584a0566a0548a0535a05l7a0502aQ488a
0831a0876a0912a0927aQ928a0934a0939a0941a0974al014al014a0995a0979a0940a0910a
0933a0981a0995a0987a0973a0957a0948a0976al029al045al0'30al018a0999a0984a0965a
0947a09l7a0869a0800a0727a067la0632a0607a0584a0568a0546a0532a05l7a0504a0488a
0826a0876a0913a0922a0931a0937a0938a0944a0977al0l4al013a0997a0980a0939a0909a
0933a0981a0996a0991a0973a0961a0955a0977al031al044al033al020al003a0984a0964a
0948a09l9a0869a080Qa0730a0672a0635a0608a0585a0568a0548a0536a0520a0505a0489a-
0816a0873a0906a09l9a0928a0932a0936aQ943a0976al012al011a0994a0973a0932a0901a
0928aQ972a0988a0983a0970a0956a0946a0970al021al037al025alQ14al002a0982a0964a
0943a0918aQ868a0800a0730a0670a0629a0604a0583a0562aQ546a0530a0516a0501a0492a
216
r u n All2
0261a0257a0251a0245aü23sa0229a0223a0218a0210a0208a0201a0196a0191a0182a0l78a0173a0l69a0166a0l65a0160a0156a0155aül53a0150a0l46a0144a0141a0l37a0136a0133a0
0128a0126a0124a0122a0l20a0116a0117a0114a0110a0110a0l05a0105a0103a0102a0100a
0261a0257a0249aQ247a0236a0230a0223a02l7a0211a0205a0198a0197a0l88a0182a0175a
0173a0169a0l64a0164a0l62a0159a0156a0l49a0150a0144a0143a0140a0137a0l35a0130a
0128a0127a0l25a0122a0118a0ll5aull5a0114a0112a0109a0106a0103a0102a0101a0100a
0266a0260a0251a0243a0239à0232aü227a0220aQ215a02iOa0204aQ200a0193a0185aOl77a
0175a0170a0169a0l67a0l64a0160a0158a0155a0152a0148a0l44a0140a0140a0l36a0l36a
0130a0131a0125a0123a0121a0ll9a0117a0114a0112a0109a0l07a0l06a0104a0l03a0l01a
0439a0428a04l7a0407a0397a0387a0378a0368a0361a0350a0344a0336a0328a0313a0300a 
0293a0288a0284a0286a0281a0274a0272a0266a0260a0254a025la0244a0240a0236a0231a 
0224a0220aü215a0213a0208a0207a0203aÜ201a0195a0193a0190a0l86a0181a0180a0179a
0436a0431a0419a0409a0399aU39Ua0381a0371aU363a0354aU34Ga0338a0320aU31GaJ3Ula 
0295a0287a0288a0286a0279a0276a027la0264a0260a0256a0251a0245a0241a0236a0232a 
022 8a0222a0220a0214a0212a0207a0204a0201 aOl 98a0194a0193a0189a0186a0183a0179
0440a0430a0424a0410a0403a0389a0382a0376a0363a0357a0348a0341a0330a03l7a0303a0 
0297a0293a0289a0288a0282a0279a0272a0267a0263a0256a0253a0247a0241a0240a0233a 
0228a0224a0219a0214a0210a020 9a0203a0200a0195a0195a0192a0186aQl83a0181aOl80a
0280a0274a0264a0258a0251a0245a0239a0232a0229a0223a0211a0219a0240a0245a0239a 
0243a0236a0241a0243a0243a0240a0237a0229a0225a0218a0208a0197a0187a0l78a0168a0 
0161a0152a0l46a0146a0143a0139a0137a0134a0132a0l30a0126a0124a0120a0116a0111a
0284a0280a0268a0258a0249a0247a0241a0233a0227a0224a0217a0216a0234a0239a0239a
0242a0241a0241a0243a0242a0240a0232a0228a0219a0211a0201a0189a0l82a0172a0165a
0158a0l52a0145a0l42a0143a0138a0135a0133a0130a0130a0129aci25a0l21a0119a0114a
0292a0284a0279a0270a0262aQ257a0247a0244a0237a0233a0225a0227a0238a0246a0251a
0254a0253a0255a025la0251a0245a0236a0228a0219a0210a0201a0192a0187a0179a0l74a
0166a0l56a0153a0151a0148a0l47a0142a0l40a0136a0l34a0132a0129a0126a0121a0l20a
0293a0290a0281a0273a0265a0258a0254a0243a0238a0232a0225a0224a0232a0240a0243a 
0248a0246a0246a0248a0244a0237a0228a0219a0213a0203a0196a0188a0181a0l76a0l70a 
0161a0155a0151a0150aQl46a0145a0142a0138a0132aQ133a0131a0127a0125a0123a0118a
0292a0286a0280a027la0266a0259a0251a0245a0238a0232a0225a0224a0229a0232a0234a
0241a0240a0240a0241a0237a0231a0225aû218a0209a0201a0192a0185a0180a0173aOL67a
0161a0156a0152a0148a0146a0143a014pa0139a0136a0133a0131a0127a0l21a0122a0117a
Note: runs 112 II4 II6 118 use the sa,me data, for A and B* .
217
RUN A114
C  data
0445a0435a0420a0405a0398a0388a0380a0370a0363a0354a0344a0333aü318a0299a0289a 
0281a0275a0271a0268aü262a0259a0253a0249a0244a0240a0239a0233a0229a0227a0224a 
0218a0214a0210a0208a0203a0199a0197a0192a0189aUl88aUlSlaUl St)aul77aU173aul70a
0307a0303a0292a0285a0280a0272a0265a0257a0248a0242a0237a0252a0289a0293a0283a 
0279a0272a0267a0265a0258a0257a0251a0242a0238a0235a0229a0226a0221a0216a0210a 
0201a0187a0182a0176a0l77a0l74a0169a0162a0157a0156a0150a0148a0144a0141a0135a
0309a0305a0295a0281a0278a0270a0264a0258a0249a0246a0240a0252a0290a0297a0286a 
0280a0273a0268a0267a0259a0255a0248a0245a0238a0235a0232a0228a0223a0216a0212a0 
0 2 0 1 aOl87a0182a0177a0175aOl73a016 9a0162a0159a0l57a0154a0l51a0146a0140a0137a
0308a0303a0296a0287a0280a0273a0264a0258a0250a0244a0239a0252a0289a0294a0284a
0279a027la0267a0264a0259a0251a0248a0244a0239a0236a0232a0226a0224a0216a0209a
0200a0185a0l78a0177a0174a0l75a0169a0l64a0160a0l56a0153a0151a0146a0140a0136a
0307a0303a0292a0285a0277a0270a0264a0256a0250a0243a0237a0251a0286a0290a0284a
0279a0276a0268a0266a0260a0254a0249a0246a0239a0236a0230a0224a0222a0215a0203a
0198a0188a0179a0178a0l76a0l76a0l71a0164a0158a0156a0152a0150a0146a0139a0136a
R U N  A l l 6
C data
0297a0297a0290a0282a0275a0268a0262a0256a0245a0240a0234a0253a0288a0293a0286a 
0279a0273a0270a0264a0260a0254a0251a0247a0242a0233a0230a0226a0222a02l9a0215a 
0207a0203a0197aÛl93a0190a018 9a0185a0179a0175a016 9a0l66a0164a0l60a0155a0148a
0297a0293a0283a0275a0269a0260a0254a0247a0243a0234a0230aü250a0285aü290a0280a 
0274a0267a0265a0257a0252a0248a0240a0238a0233a0229a0224a0221a0218a0216a0210a 
0 2 0 6 a 0199a0194a0190a0l88a0183a0 179a0170a0163a0159a0159a0154a0151a0147a0140a
0285a0278a027la0264aÜ257aQ249a0244a0237a0232a0227a0220aÛ234a0270a0273a0266a
0261a0254a0251a0245a0241a0237a0233a0227a0224a0220a0214a0212a0208a0203a0201a
0 195a0l86a0184a0180a0178a0l77a0l74a0168a0164a0160a0155a0l53a0150a0147aül38a
0286a0279a0272a0266a0258a025la0243ap237a0230a0223a0221a0237a0272a0278a0269a 
0264a0259a0252a0248a0245a0238a0233a0225a0221a02l7a0215a0212a0208a0204a0201a 
0 1 9 6a0188a0183a0179a0179a0175a0170a0167a01 63a0158a0154a0153a0149a0145a0137a
!0284a0278a0269a0262a0255a0246a0240a0238a0230a0224a02l9a0234a0268a0275a0266a
0263a0256a0250a0244a0240a0235a0228a0224a0221a0219a0215a0213a0204a0204a0200a
0195a0189a0l82a0179a0180a0l74‘a0170a0l65a0163a0159a0i57a0154a0151a0146a0137a
R U N  A118
C data
0314a0305a0297a02 90a0286a0282a0274a0266a0262a0257a0252a0263a0279a0270a0262a 
0258a0249a0246a0245a0241aÛ237a0232à0228a0222a0221a0216a0210a0208a0204a0202a 
0200a0199a0194a0190a0l84a0l82a0l78a 0175a0l75a0170a0166a0161a0159a0155a0156a
0306a0301a0293a0287a0280a0274a0270a0264a0258a0254a0249a0263a0278a0270a0263a 
0256a0251a0244a0242a0238a0236a0229a0225a022la02l9a0215a0210a0207a0204a0202a 
0 199 a 0197a0191a0190aOl85a0l81a0177a0l75a0173aül68a0166a0161a0158a0156a0l54a
0305a0298a0290aü283a0272a0271a0265a0263a0255ab251a0249a026la0276a0267a0259a' 
0253a0248a0244a0240a0235a0233a0227a0225a0219a0215a0213a0207a0203a0201a0199a 
0 1 95a0l94a0190a0186a0183a0l80a0l76a0173a0170a0166a0164a0159a0156a0155a0152a
0300a0292a0286a0280a027la0264a0259a0256a0252a0245a0245a0259a0273a0268a0258a 
0252a0247a0242aû237a0232a0228a0226a0222a02l7a0214a0210a0208a0204a0202a0198a 
01 96a0l94a0188a0184a0182a 0178a0174a0171a016 9a0165a0163a 0158a0157a0153aÛl51a
0290a0276a0268a0260a0254a0248a0241a0237a0235a0228a0226a0240a0254a0249a0241a
0237a0229a0226a0221a0216a0213a0211a0207a0205a0199a0198a0192a0187a0187a0l86a00184a01Slaüi 76aQl73a0168a0165a0162a0160a0157a0l55a0151a0149a0145a0l44a0143a
218
RUN A113 '
0935a0997al036ai052al056al055alÔ58al060aX059al055al049al040al028al001a0976a
1005al061al077al073al056al033al013al004a0980a0958a0937a0909a0881a0861a0838a
0815a0789a0764a0734a0708a0688a0670a0651a0628a0608aü588a0569a0555a0538a0525a
0939a0997al041al055al06lal064al064al063al065al063al054al048al037al011a0985a
1012al066al087al076al060al037al024al011a0989a0967a0948a0920a0894a0870a0848a
0824a0799a0772a0746a0720a0698a0676a0659a0638a06X5ap595a0575a0659a0544a0529a
0936al007al047al065al068al073al072al074al069al066al056al049al038al013a0986al
1018al073al094al087al068al042al024al011a0989a0969a0951a0924a0898a0875a0855a
0830a0803a0775a0748a07l9a0696a0678a0659a0639a0619a0601a0582a0564a0548a0531a
l089all43all82all95al202al208al2Q9èa208al207al206al200all91all86all61all42a
1170al22Qal236al231al213all89all76all70all47all31alll7al094al078al065al053a
1034al016a0992a0969a0950a0926a0910a0893a0875a0857a0838a0816a0798a0783a0764a
1087all40all79all96al200al207al203al205al204all99all98all94all85all6lall40a
1170al216al232al231al2l0all84all74all69all49all31alll5al095al076al060al047a
1029al01Qa0986a0962a0944a0924a0908a0888a0866a0849a0830a0808a0791a0775a0759a
1 073aH37all79all91aai94al200al200al 2 0 3 a l 2 0 2 a l l 9 7 a l l 9 4 a l l 8 8 a l l 8 1 a l l 5 7 a l l 3 5 a
1162al209al229al220al200all83all68all61all41all21all05al087£a069al050al041al
1021al002a0978a0954a0930a0910a0894a0877a0859a0837a0821a0800a0782a0767a0749a
0975al051al092all06alll3alll4alll7alll8alll7alll5allllall03al090al065al040a 
. 1064all20all35alX31alll0al093al077al069al051al027al010a0983a0957a0933a0912a 
0890a0865a0833a0802a0774a0749a0728a0707a0686a0668a0648a0629a0611a0594a0577a
0987al053al091all06alllOalll6alll7alll8aX115allllall06al097al083al058al036a
1065allX6all34all30alll4al092al079al065al048al029al010a0981a0953a0929a0910a
0 882a0853a0824a0796a0772a0746a0727a0709a0686a0664a0645a0628a0609a0589a0575a
0 982al050al094all06allllalll2alll6alll5alll6alll3all08al099al087al060al038a
1068alll6all36all31alll3al093al072al063al050al032al0l3a0985a0954a0931a0909a
0889a0857a0829a0799a0770a0737a0723a0697a0676a0658a0628a0623a0605a0583a0568a
0995al054al094allllalll8alll8alll8alll8alll8alll7allllal0S6al089al055al010a
1 039alll4all38all31allllal092al080al068al051al034al013a0986a0960a0934a0914a
0885a0858a0826a0796a0773a0750a0727a0709a0688a0668aa647a0629a0613a0593a0579a
0 968al034al07lal083al088al088al087al089al086al089al084al072al062al032al007a
I 038al092allllall06al087al065al050al037ax021al000a0980a0952a0924a0903a0878a
0855aQ827a0798a0769a0744a0721a0699a0678a0658a0636a0618a0600a0583a0567a0554a
Note: runs 115 115-11? 119 use the same data for A  and B.
219RUN A115
• C data
0981al054al097allllalll7alll9all20all23all21all22alll7aaillal092al066al041a
1064alll5all35all30allX8all01al085al079al089al094al079al049al014a0991a0968a
0936a0901a0859a0819a0785a0757a0737a07l6a0694a0676a0655a0636a0620a0604a0586a
O977ü-ü5üal0ô'8àll'ÜValI12aril7anTâalll5alll7alll5alll0allO2alü87alO59alO37a
1061aail5all32all28alll2al092al079al072al07lalù86al076al043al008a097la0928a
0900a0873aû820a0784a0751a0723a0733a07l0a0691a0671a0653aû632a0612a0597a0582a
0991al047al087all03all09all09alll0allllalll0allllall05al095al082al048al030a
1058all09all28all25all08alQ90al075al069aa084al088al070al038al003a0978a0954a
0927a0892a0854a0813a07.78a0752a0728a0707a0687a0668a0650a0628a0611a0575a0558a
0972al044al086al099all03aI106all09all06all06all06all02al095al082al055al028al
1053all06all20all20all04al085al069a l062al073al077al062al032al000a0976a0955a
0927a0885a0846a0808a0775aQ748a0724a0704a0682a0659a0640a0626a0609a0590a0579a
0975al040al081al093al098all00all04a ll04all05all06all02al090al075al051al024a
1053all01all20alll4al096al079al064a l060al073al080al060al028a0994a0969a0948a
0916a0881a0839a0803a0769a0738a07l7a0697a0679a0659a0641a0623a0604a0588a0575a
R U N  A117
C data
0912a0975al020al037al043al045al045al045al047al052al047al038al026a0998a097la0
0998al050alQ7lal065al050aX031al014a l018al055al077al063al039al009a0986a0963a
0935a0893a0841a0786a0742a0704a0678a0654a0633a0611a0594a0581a0566a0551a0537a
0921a0980al025al036al044al043al045al045al048al055al051al039al026a0997a0969a
099
al050alQ7lalQ65alQ50alG32al014al016 al054al076alQ6Xal036al005a0982a0961a0930a
0887aQ835a0786a0740a0703a0674aQ653a0633a06X6a0597a0578a0566a0552a0539a
0943aX0X7aX057aX074aX079aX078aX080aX078aX082aX087aX083aX073aX062aX036aX009a
X034aX085aXX03aXXOXaX088aX067aX052a X054aX092aXXX3aX098aXG69aXQ40aXOX8a0998a
097GaG926aG876aQ824a0778aG74Xa07XXa069Ga0665a0646a0628aG6XXaG599aG58Xa0566^
0945aXGX3aXG54aXG7GaX077aXG8XaXG8XaX082aXG84aX09GaXG86aXG72aXG57aXG3GaXGGOa
XG29aXG80aXX02aXG99aX084aX067aXG52a XG56aXG9XaXXX3aXX0XaXG7GaXG4XaXGX5aG992a
0963a0922a0874aQ822aG774a074XaG7X4a G69GaG67XaG647aG630aG6X2aG596a0578a0562a
0902aG978aXG2XaX038aXG42aX042aX043aX044aXG46aX053aXG49aXG37aXG22aG990a0964a
0993aX045aXG67aX06XaXG50aX030aX0X7a XGX8aX06GaXG83aXG67aX037aX005aG983a0959a
G932aG885a084XaG787aG738aG7G4aG677a G65Xa0632a06X2a0595aG576a056XaG544a0533a
R U N  A X X 9
C data
0 826a0896aQ937aG948a095Xa0955aG957aG956aG978aX0G6aX0G7aG99Xa0976aG935aG9G6a
0 926aG975a0990aG984a097Ga0955a0946a G958aXGG5aXGX5aX027aXG23aXGG9a0987aG973a
G957a0936a09X3a0866a0762aG7GGa0648a 062XaG598a0675a0557a0542a053Xa05X8aG5G3a
G8X9a0887aG928a094Xa0945a094Xa0945a,0947a0965a0999aXOOXaG984a0962aG928a089Xa
G9X7aQ967a098Ga0974a0959a0946aG936aG954aXGOGaXG09a0994a0975aG957aG938aG92XaO
0 9G4aG884a0857a08XXa075Xa0686a064Ga 06X2aG583a0565aG549aG534a05X5aG503aG488a
08XQa0872a09XOa0923aG929a0937aG938a G943a096Ga0995a0993aG976aG959aG9X9a0883a
G 9G2a0954a0975a097Xa0963a0947aG938a Q952a0996aXG08a0989a097XaG952a0934aG9X7a
G9G4a0889aG857aG8X6aG75GaQ690a06,38a0606a0582a0559a054Xa053Xa05X7aG5G4a0492a
08X4a0876a09X4a0929aG932a0936a0937a094Ga0958a0990a0989a0970aü954aOD23aü887a
U9U6au957aG972aU972aUGG3aUG4nau011a 0949a0994aXG07a0993aG978a096XaG94Xa0924a
G909a0890aQ86Ga08X4a0749a0683a0639a0606a0583a0564aQ549aG532aG5X7a05G3aG488a
I I I  I ' ' t . . I ! . .
G805aG866a090Xa09X5a092Ga0923aQ92Xa 0929a0952a0987a0984a0967a095GaG9X3aG878a
G896a0944a0964a0960aQ949a0939a0929a 0945a099XaXGG4a0990a0968a0949a0933a09X4a
G899a088Ga086XaQ8XOa0746a068 0aQ634a 0597aQ573a0557a0540aG524a05G8aG494a0490a
220
RUN A124
0340a0332a0323a0315a0306a02 99a0292a0288a0281aû275a0266a026ia0254a0247a0240a0236a0230a0225a0224a0220a0215a0213a0207aû205a0200a0197a0191a0189a0184a0182a
0180a0175a0l72aaL7la0166a0162a0161aOl56a0l51aOl50a0148aQ146a0143a0140a013 9a
Q334a0326a0319a0311a0304a0296a0289a0283a0276a0273a0267a0261a0254a0245a0243a
0235a0230a0225a022la0220a0214a0210a0208a0203a0201a0194a0193a0189a0185a01Sla
0177aOl77aQl72aül70a0166a0164a0161a0158aOl54a0151a0149a0145a0142a0143a0137a
0336a0331a0325a0316a0311a0300a0293a0287a0280a0273a0267a0260a0256a0248a0244a 
0237a0231a0226aQ22 5a0217a0214a0211a0207aQ205a0200aOl99a0194a0190aQl87a0183a0 
î)178a0l75a0172a0168a0165a0163a0160a0159aQ155a0153a0148aQ146a0143a0140a0138a
0513a0509a0497a0491a0478a0468a0458aQ450a0437a0427aü419a0408a0398a0378a0362aO 
0357a0351aQ351a0349a0345aQ341a0335a0329a0320a0316a0311a0305a0297a0291a0284a 
0280a0275a0270a0265a0260a0257a0250a0247a0241a0239a0236a0228a0225a0219a0218a
0501a0492a0489a0485a0473a0461a0453aQ444a0433a0426a0418a0407a0395a0382a0367a
0362aQ356a0354a0351a0346a0339aQ333a0327a031S!aQ313a0305a0301a0296a0289a0282a
0 279a0275a0270a0263a0260a0255aG251a0245a0243aÛ238a0233a0229aQ222a0219a0215a
051GaG5G7a0495a0487a0479a0466a0459a0449aQ439a0431a0421a0409a040GaG389a0378a
0370a0365aG36laG358a0351aG343a0337a0332a0324a0319aG312aG3G6aG299aG291a0286a
0282a0278a0274aG268aG262aG259a0255a0248aG245a0240a0234a0231a0228a0222a022Ga
0358a0361a0351a0343a0334a0328aG323a03l7a0316a0310a0309aG324a0334a0325a0314a 
0309a03GlaG298aG296a0291a0287a0284a0278aü273a0265a0260aG257aü256a0252a0249a 
0247a0242a0239a0233a0229a022la0219a0216a0213a0209a0266aOl98aG200a0195a0192a
0284a0357aG352a0339a0332a0327a0322a0323aQ314a031GaG309a0327a0337a0325a0312a 
3G8aQ303a03G2a0298a0296a02 91aG287a0280a0272a0268a0267aü263a0261a0259a0256a0252 
G253a0249aG244a0237a0232a0228aQ227a0223a022GaQ215a0211a0207a02G3a0197a0l95a
0345a0354a0349aG338aG332aG324a0321a0312a0305aQ304a0304a0319aG335a0324aG313a
0309aG303aG298a0293a0292a0289a0286aG281a0275aG272a0266a0261a0256a0251a0252a
0251a0246a0242a0237a0233a0228a0222a0218aG214aG213a0211a02G7a0203a02G0a0196a
Q354aG346aG332a0326aG320a0315aG312aG3G7a03G3aQ3GGa0298a0313aG323a0314a03G5a
03G2aG297aQ294a0290a0287aG282aÛ277a0271a0266a0265a0261a0258a0253aG25laG248a
0243a0239a0235a0231aQ229a0224aG221a0217a0212aG210aG2G6aOl99aG197a0195a0194a
0352a0344a0334a0328a0322a03i4aQ309aG305a0297aG296aG298aG314aG327a0317a03G8aG 
0303a0297a0292aG288a0286a0283aQ278aG273a0268a0264a026Ga0255a0249a0248aG247a 
0245a0240aG237a0231aG227a0223a0218a0213a0210a02G8aG204a0202a0199a0194a0192a
Note* runs 124 126 128 1)0 use the same data for A and B,
R U N  A126 2 2 1
C data
0277a0270a0263a0255a0250a0244a0240a0235a0229a0225a0220a0235a0283a0300a0295a
0292a0285a0280a0278ad273a0270a0264a0259a0257a0254a0251a0248a0239a0228a0213a
0196aOl79a0169a0163aQ156aüX55a0151a0148a0144a0141a0138a0134a0131a0127a0125a
02 7 3 a02 66a025 9a0254a0248a0243a0237a023X a0225a022X a 0218a0233a02 81a0299a02 95a 
029Xa0285a028Xa0276a0273a0268a0264a0261a0256a0255a0251a0245a0239a0227a02Xla 
O193a0X79aOX67aüL60a0157aÔX52a0151aOX48a0144a0X42aOX37a0X35a0X3ÛaO128a0125a
0272a0267a026X a02 56a0252a0246a0239a0234a0227a0221a0218a0232a028Xa0305a0299a 
0293a0289a0284a0278a0273a0269a0263a0262a0259a0256a0252a0247a0239a0225a02x0a 
OX93a0178a0170a0163aOX59aOX54aOX52aOX49aQX43a0142aOl38a0135aOl28a0127a0123a
0273a0270a0263a0255a0252a0243a0237a0232a0226a0222a0218a0235a0280a0302a0298a 
0293a0286a0280a0277a0271a0268a0264a0261a0258a0254a0253a0244a0235a0223a0208a 
0 1 93a0177a0l70a0X62aQl57aOX54a0150a0147a0144a014Xa0137a0136a0130a0128a0126a
0273a0269a0265a0259a0251a0243a0236a0233a6229a0222a021Sa0234a0280a0305a0300a 
0294a0286a0280a0278a0276a0272a0267a0264a0260a0254a0252a0244a0236a0222a0207a 
0194a0l77a0169a0165a0157a0x54a0152a0147abl44a0141a0140a0134a0132a0128a0126a
R U N  A128 
C data
0279a0273a0265a025,7a0251a0246a024Xa0237a0232a0227a0222a0244a0296a0304a0296a
0 292a0287a0283a0280a0273a0269a0263a0260a0256a0251a0249a0245a0243a0241a0235a
0225a0210a0l98a0x90a0l85a0183a0l76a0171a0x66a0165a0162a0156a0x51a0145a0139a
0267a0259a02‘52a0246a0241à0236a023la0225a0220a0214a0212aû236a0284a0295a0287a
0279a0276a0270a0266a0260a0257a0251a0249a0244a0241a0239a0236a0232a0227aQ224a
02x3a0202a0192a0183a0178a0l75a0170a0165a0158a0156a0152a0149a0145a0141a0135a
0 274a0270a0264a0258a0251a0244a0241a0235a0232a0225a0221a0244a0295a0305a0296a 
0 289a0285a0284a0276a027la0268aQ264aQ259a0252a0250a0245a0245a0242a0237a0232a 
0223a0210a0195a0189a0185a0181a0177a0l7laOl67a0163a0X 58a0156a0152a0146a0140a
0272a0259a0251a0250a0242a0235a0230a0225a0221a0218a0212a0237a0287a0298a0288a 
0 282a0276a0272a0268a0264a0260a0253a 0251a0248a0244a0239a0235a0233a0232a0224a 
0213a0202a0192aOX85a0178a0177a0X68a 0164a0161aOl58a0154a0l51a0144a0142a0133a
0269a0261a0258a0248a0243a0237a0233a0229a0223a0217a0214a0237a0287a0296a0289a 
0 284a0279a0275a0270a0266a0260a0256a0253a0245a0241a0242a0239a0236a0230a0225a 
0 2 1 8a0201 aOl 90a01 SlaOl 80a0177a0l 72a0165a0l 61 aOl 58aCXL 55a0152a0145a0140a013 5a
R U N  A130  
C  data
0 268a0258a0253a0246a0242a0236a0232a0227a0223a0219a0213a0237a0281a0288a02S4a
0280a0276a0270a0266a0260a0256a0249a0244a0243a024Xa0237a0233a0229a0227a0224
O219aO213aO2O5a0X99aO198aO194aO189a 0l84aO18OaOl76a0l73a01G6aO163aOX56aO151a
0 268a0268a0259a0254a0245a0242a0237a0229a0225a0223a0219a0245a0289a0298a0293a 
0285a0279a0273a0268a0266a0261a0259a 0253a0247a0247a0241a0236a0232a0232a0230a 
0227a0220a0214a0207a0203a0200a0193a 0188a0184a0181a0176a0174a0167a0161a0153a
0264a0256a0249a0242a0239a0235a0229a0225a0220a0215a0212a0232a0278a0288a0284a 
0 278a0272a0268a0265a0258a0254a0246a 0244a0242a0238a0236a0231a0226a0223a0222a0 
0 2 1 6a0210a0205a0200a0197a0192 a O l 8 8 a 0183 aOl79a0174a0170a0l66a0162a0156a0149a
0258a0266a0249a0243a0237a0231a0227a0222a02l7a0209a0204a0231a0279a0286a0281a0 
0 274a0269a0264a0259a0255a0252a0247a 0244a0239a0235a0234a0230a0223a0221a0220a 
0 2l7a0211a0205a0199a0195a0193a0l86a 0178a0l75a0l72a0l68a0168a0161a0154a0148a
0264a0260a0252a0247a0243a0239a0233a0228a0224a0218a0215a0237a0285a0292a0286a0283a027Sa0273a0269a0263a0258a0252a0246a0242a0240a0236a0235a0231a0227a0227a
0221a0214a0209a0204a0201a0199a0193a0186a0181 aOl 78a0172a0168a0167a0160a0151a
222
RUN A125
1 143ali95al227al235£a238al235al234al228al229al224al215al206all90all65all41a
1164al209al221al213al202all82all69all51all29all07al085al053al028a0994a0968a
0945a09l5a0883a0850a0822a0795a0771a0746a0720a0694a0670a0653a0634a0615a0598a
1149al205al235al242al245al245al245al245al238al235al222al215al202all74all47a
1173al214al232al228al216all93all80aia61all42alll8al093al066al032al007a0986a
0958a0927a0896a0862a0833a0803a0779a0753a0727a0703a0683a0664a0642a0622a0606a
1 170aa208al242al250al253al251al252al245al241al232al222al214al202all75all54a 
1 179al222al234al229al210all92all71all57all38all20al096al070al036al012a0984a 
0953a0920a0885a0856a0827a0802a0779a0754a0729a0708a0683a0658a0636a0618a0598a
1252al294al318al327al333al333al336a l336al332al325al322al313al303al28lal262a
1284al321al335al333al321al304al297al287al27lal250al233al2l4all93all72all54a
1133alll4al087al063al041al015a0998a0976a0954a0934a0911a0891a0872a0855a0841a
1265al302al328al335al336al33Sal339al338al335al332al329al319al307al288al270a
1291al324al338al333al320al306al299al288al276al256al240al218al201all77alX60al
1135alll7al090al069al046al026al002a 0984a0961a0941a0919a0897a0879a0859a0840a
1258al299al327al336al340al341al341a l339al337al332al326al316al307al286al27üa
1293al331al342al337al325al312al30Xal290al273al256al239al219al200all83all63a
1141alll7al093al067al03Sal017a0995a0979a0961a0943a0921a0901a0881a0863a0842a
Illlall58all88all97al201all97all99a ll97al206al214al206all92all75all50alll8a
1141all85al200all97all80all65all52a ll6iall82all83all66all47all27all05al082a
064al04Xal021a0998a0956a0897a0834a0779a0737a0704a0682a0655a0633a0614a0603a
lX07all55all86alX92all93all97aX198all97aX203al2l7al212aX200alX78all5XaX120a
1144allS8al205al200aX189all72all65aXl69alX92all91all7lall53aX134allX7al095a
X075al056al038al012a0969a0906a0840a079Xa0745a07l4a0689a0666a0646a0623a0609a
1098aX136aX165aXl73all76aX176all77a lX74all83alX96all92all76aXX6XaX13XaX098a
1124all71all83aXl78aX167all51all38a X144all70all70all53all35aXlX6al097al074a
1056al036alOX4a0987a0944a0884a08X9a 0763a0723a0689a0665a0643a0622a060Xa0584a
.1086aXX34alX60alX72aXl74aX175all70aXX74aX179al200all97aXX79alX59aX131aXX03a
1128aXl74alX85all81all68all52all40aX150all71all76alX6Xall42alX19aXX00al080a
1060al043al018a0992a094Sa0889a0823a9765a0728a0693a067la0646a0622a0604a0589a
X 081alX35all62all75all73alX75all71all7lall77all92all89alX74all60all31allOOaX
1122all69aX178alX71all60all46all36a ll45all74all76all59all40aX119al097al076a
Iû56al038al019a0996a0953a0890a0823a 0763a0723a0689a0661a0636a0620a0604a0590a
Note: runs 125 127 129 1)1 use the same data for A and
223
r u n  A 1 2 7  
C data
0967al036al078al090al097al099al095al096al087al084al074al067al053al025al000a
1032al086allQlal095al07Sal056àl040al036al057al069al053al020a0978a0947a0921a
0884a0840a0793a0743aü704a0672a0645aü626a0603a0582a0560a0543a0526a05l3a0497a
0962al029al065al084al089al091al093al090al090al084al074al062al046al016a0996a
1 024al080al098al094al076al057al037al030al054£a063al047al012a0972a0945a0915a
0 881a6837a0789a0745a0706a0672a0648a0625a0604a0582a0563a0541a0525a0513a0497a
0963al031al069al086al089al092al092al088al087al080al073al061al047al0l8a0994a 
1022al081al094alQ89al071al051al037aX030al051al059al042al007a0970a0937a0910aO 
0876a0837a0789a0744a0702a0671a0646a0623a0602 a0578a055 9a0544a052 8a0513a0497a
0974al031al070alQ83al086al085al086al086al085al085al073al065alQ50al021a0993a
1022al07lalQ95al092al077al058al041al033al049al059al038aXOOOa0960a0935a0910a
0877a0834a0789a0740a0698a0666a064Xa062Xa0603a0583a056Xa0544a0528a05X2a0497a
0973aX033aX07XaX086aX086aX093aX095aX093aX090aX084aX078aX066aX049alOX9a0993a
1025aX082aXXOOaX093al079aX057aX042aX032aX045aX054aX037aX006a0966a0934a0909a
0877a0832a0786a0738a0697a0672a0648a0625a0604a0583a0566a0544a0528a05X3a0495a
R U N  AX 2 9  
C  data
0977aX030al070al087al090al093al094al099aX096aX095aX084aX073aX058aX033aX007a
X035aX088aXX06al097al083aX063aX045a X053aXX01aXX29aXXXXaX082aX048aX0X8a0996a
0960a09X8a0863a080XaQ740a0696 a066Xa 0634a06XOa0584a0563a0547a0533a05X8a0506a’
0959aX02 9aX063aX078aX079aX082aX080aX077aX079aX079aX072aX060al046aX0X4a0989a 
10X5aX066aX086aX08Xal072al050aX035a X040aX089aXXX4aX098al063aX03XaX005a098Xa 
0949a0904a0847a0783aü724aü67Sa0641aü3l9aü599a'j578aü55Sa0540a0525a0506a049Xa
098XaX0XSaX056aX073aX080aX082aX084aX080aX080aX077aX068aX05XaX037aX0X3a0988a
X0X8al070aX089al080aX065aX046aX025aX034aX085aXXX2aX095aX064aX027aX000a0974a
094Xa089Xa0840a0779a0722a06SOa0645a06X6a0593aQ572a055Xa0534a0520a0507a049Xa
0957aX032aX057aX07XaX073aX077aX082al078aX079aX076aX067aX057aX039aX007a0978a
XOX5aX070aX088aX083aX068aXQ50aX029a X034aX076aXX05aX093al062aX029a0997a0975a
0944a0896a0838a0769aQ7X7a0678a0644aQ6X6a0596a0575a0556a0534a0520a050Xa0488a
098XaX035aXQ77aX092al097aX099aXXOXaX098aX093aX089aX08XaX069aX06XaX032aX004aX
X035aX088aXX04aX096aX08XaX062aX050a X055aXXOOaXX24aXXXXaX08XaX042aXOX4a0986a
0957a09X6a0858a0794a0738a0694a0660a0632a06XXa0586a0568a0553a0537a0520a0504a
R U N  AX3X 
C data
0934a0998aX039aX05XaX054aX056aX052a X047aX049aX055aX047aX036aX02Xa0987a096XaO
0988aX039aX054aX053aX042aX024aX008a X022aX07SaX095aX078aX052aX032alOX4a0992a
0967a0930a0883a08XOaQ739a0673a0630a060Xa0575a0553a0533a05X9a0498a0482a0466
0965a0930a0876a08X2a0744à068Xa0638a 0605a0580a0555a0536a05X6a050ia04S9a0472a
0948aX0X3aX053aX062aX069aX074aX073a X07XaX074al076aX067aX053aX030a0988a0964a
0995aX048aX065aX063al046aX025aX009a X02XaX077aXX02aX084al063aX040aX0X9a0994a
0963a0928a088Xa08X7a0743a0682a0639a 0604a0577a0552a0534a052Xa0503a0488a0476a
0959aXOX5aX056aX068aX070aXOiS9aX07Xal072al07XaX078aX07XaX057al039aX004a0977a
1007aX066aX082aX076aX0.64aXG46aX030aX042aX092aXXX8aXX03aX082aX057aX035aX015a
0987a0950a0893a083Xa076Xa0698aq653a 0620a0596a0570a0552a0529a05X4a0501a0489a
0953a0993aX034aX045aX049aX048aX047a X05XaX060aX055aX048al035aXOX7a0982a0952a
0982aX040aX063aX053aX042aX024aX007a X0X8aX069aX093al078aX060aX034aX0X2a0992a
0963a0927a0869a0802a0735a0675a063Xa 0599a0576a0553a0530a05XXa0495a0483a0469a
J
224
, (APPENDIX 5 EMXSSIVITY DATA
m  A 1
.02nn6689 
-.00505780 
.79556260
1 . 1 0 0 0 0 0 0  
.92952381 
.05216942 
.0 4668 0 50 
.0 0832342
TEMP = 5.4-50 
. 0 023632 7 .■
. 008 12408
1.0 703259
1 . 1 0  0 0 0 0 0 1 
.70224719 . 
.04522358 
.03245325 
.00408879-
p + 0 2  t  A R E A  
0 1410343 . 
.0 43 4 6264-
1.0 599 49 0 
. 1 0 0 0 0 0 0  1 
4542 4 528 . 
.0362 0147 
.0 4458 599 
.02350176
«= 4. 03 U  - 0 1 
0 0 443 68 6 .0 082 43 7? .
.0 118050 3 .02160494
1.08 7239 6 1.09 53888 
.10 0 0000 1.1000000 I 
2899 702 1 .13340020 .
.03564050 .02430939 
.02631579-.00953516 
S'pec.t'ral <2.rn* SSiVi
KN A 2 TEMP 5. 030,» 
-.0 08 02 67 6-.00273973 
.0 3089 08 0 .01375465 
.72900158 .90845649 
.98691336 -.93908852 
.78894691 .64247788
.05714286 .05192878 
.0510 52 63 .06130064 . 
.05021834 .03752887
+02 AREA 
.0 1584022 
. 02939 01 5 
.90239868 
.94862710 
.453499 08 
.0 32 1 6 08 0 
03473684 
.02663707
3.592»-01 
.01027640 
: 02677225 
.92055268 
.95385305 
.27128157 
.03659743 
01092612
01672727 
. 2 1 9 2 9 8 2 5
1.0 768 55 1 
.0681602 
08 457711 
.01827957 
.0 5781938
. 02626050 
.01287879 
.92210618 
.93250444 
.1343 6929 
.05923695 
03118280
.01573677 
.2 159 69 58 
.9 17 48 439 
.89 53 695 5 
.09055877 
.06623506 
0 4610318
RN A3 TEMP 
.02725177 . 
.00566973 . 
.88989639 1
1 . 1 0  0 0 0 0 0 I 
.99968117 . 
.09319941 .
.11515698 . 
.0 0483 547 .
4.9 0 0» + 
01646041 
01845254 
.0 1.92 63 1 
. 0 192882 
9 6 6 6 2 3 7 1  
11991605 
15691860 
06624192
02 AREA 4 
. 0 2 3 2 2 2 8 7  
.0 43 02 447 
1 . 0 3 7 2 6 6 1  
1.0794762 
.82057927 
. 1 0 3 9 3 1 6 3  
. 1 39 4 9 5 6 9  
.02535019
.489»-01 
.00530155 
. 0489631 5- 
I . 0213255 
1 . 0358 445 
. 6 6 1 9 5 1 75 
. 0 3 6 9 5 1 2 3  
.0 7343844
. 02328660- 
.01221630
1.0 451462 
1 .0520833 
.3636152 5 
.0 7724494 
.08711103
. 0 2 7 6 5 5 1 8  
.29520206 
.988 77 448
1.015 8 9 6 9  
.17599434 
. 0 7 5 4 3 4 5 8  
.04527713
RN A4 TEMP 
-.01862548 . 
. 0 2 6 1 3 2 8 6  . 
.85989500 . 
. 9 5 7 0 6 5 8 1  . 
1.0021412 . 
.18606384 . 
.17204663 . 
. 0 2 0 0 9 5 1 6  .
4.9 7 0»+02 
0 0 8 9 5 2 9 8  . 
0 0 9 4 5 5 4 0  . 
8 1 1 2 6 4 8 8  . 
97784591 1
92577793 . 
1 2 6 0 2 4 4 9  . 
18431019 . 
00764105 .
AREA 4 
0 1 4 7 3 5 3 9 -  
0 1 3 6 2 8 5 2  
80087269 
. 0 2 9 1 2 5 0  
88281300 
11555197 
1 6 6 7 1 8 1 9  
0 2 5 1 8 3 9 5
.419,0-01 
. 0 0 9 3 4 2  68 
.03317019 
. 8 5 5 2 5 0 3 8  
.9980 1 1 1 7 
. 7 8 0 5 1 3 5 8  
.13600799 
. 1 3 5 6 0 9 9 8
.00517409 
. 0 6 4 8 3 5 4 0  
.78335194 
. 9 7 4 8 5 5 3 9  
. 5 9 0 3 2 1 4 8  
.11163 732 
.09775849
. 0 2 7 2 6 0 8 8  
.37629851 
.86528015 
. 9 4 6 8 9 9 5 5  
. 3 6 3 2 7 6 0 2  
. 09 4 72 78 1 
. 1 4 5 4 4 4 6 3
RN A5 TEMP 5.170»+ 
-. 03930 131-'.03134218 
-.0 1726845-,00123355 
.60325132 . 8 5 9 3 2 0 5 6  
.9 1 5 6 2 8 0 0  . 8 6 6 8  5 2 8 9  
..65457256 . 5 3 0 6 9 3 0 7  
.24332978 .1 5 9 3 4 6 8 5  
. 1 8 2 4 5 6 1 4  .16531323 
.09560570 . 0 3 0 4 4 6 5 5
02 AREA 3 
-.02448355- 
- . 0 2 3 6 7 3 4 7 -  
.89204026 
. 8 9 8 5 4 3 6 9  
.39 503619 
.14533623 
& 16826347 
.04631980
.7 47» “01- 
. 03693624 
.0 044 6429- 
.92511416 
.9 0994094 
. 3 2 0 4 0 3 8 3  
. 1 8 0 1 5 9 6 4  
.13719512
■P'
. 0 1 2 3 6 3 6 4  
.0 I 452282 
. 9 3 4 5 5 7 4 4  
. 8 5 8 1 2 6 7 2  
. 2 8 6 2 3 5 6 6  
. 1 7 0 5 8 8 2 4  
. 1 39 6341 5
.01622642 
. 1 4 2 3 8 6 8 3  
.92449177 
. 8 1 2 6 2 7 2 9  
. 2 5 8 3 2 4 3 8  
.19528620 
. 1 0 9 2 9 9 5 2
225
RN A6 TEMP4.R5n»+02 
-.00030675 .03293051 
-.0 0887 728 .0 1010 101 
.71083032 .94609665 
.96967.930 .99615385
.82874618 .83284823 
.7 7425083 .62 10 7675 
.73583535 .70817757 
.489 68 0 59 .38716707
AR EA 6. 
.04677419 
.03313808 
1.0215164 
.94827586 
.84661811 
.65274972 
. 68637951 
,34944785
5 0 5» - 0 1 
.00467365 
. 0 0 2 6 3 6 2 0  
.9868 75 61 
.91670061 
.90781250 
. 73278880 
,6 49 59 444
RN A7 TEMP
-.0 1962 422-. 
-.04948617-. 
.67402377 . 
.83815916 . 
.88071928 . 
.84150156 . 
.88517280 . 
.70264064 .
4.92 0» + 
0 19 6 1 6 2 0  
0 082 69 53 
82653606 
92787879 
83151635 
79830688 
86135831 
66357466
02 AREA 6. 
-.02705531- 
-.01632330- 
.82206777 
.88964824 
.86046512 
.82383420 
.86047565 
.54367542
83 5» - 0 1 
.01590398 
.02948328' 
.83008057 
.91611570 
.83537549 
.88 102109 
.82573790
. 029 0 679 3 
.00711744 
1 . 0 1 3 5 2 1 7  
. 9 1 6 9 3 2 9 1  
.85072765 
, 7 9 2 9 5 7 7 5  
.56428571
.0 39 78 49 5' 
. 0 0299213 
.8 1 3 4 4 2 3 3  
.83500000 
.86247544 
.9 1 059 603 
.77988827
.0 0283 09 7 
. 2 0 9 2 5 2 6 7  
.96368932 
.84209466 
. 8 0 9 7 6 1 1 6  
.8 1 435080 
.55657568
.03407521- 
‘.20935484 
.83658088 
.85588235 
.89051546 
.8915 9 2 9 2
1 . 1 0 0 0 0 0 0
R N  A 8  TEMP 
. 021 4 8 6 2 6  . 
.02323825 . 
.70570905 . 
.93675098 . 
. 7 8 4 0 2 9 7 6  . 
.16174967 . 
. 1 8 2 9 0 6 8 2  . 
. 0 9 6 8 4 5 6 6  .
5. 0 0 0» +02 
0 1 3 0 2 3 9 9  . 
0 5 5 6 4 9 2 4  . 
8 4 3 7 4 4 6 7  . 
99025917 . 
6 0 9 5 3 4 2 4  . 
1 1 2 0 0  110 . 
14007543 . 
1141462 0 é
AREA 4 
0 2 5 5 2 1 3 8  
0 2 7 5 4 3 0 5  
86056012 
99626051 
4 538 7 63 0 
1 6 4 2 5 7 8 3  
1 6 4 4 5 1 8 8  
08075068
.0 19»-0 1 
. 0 2 5 4 4 9 4 3  
. 0 2 8 0 7 6 4 2  
.8.613 58 69 
. 9 6 4 2 5 9 7 8  
i32451474 
.16530303 
.13077000
. 0 1 7 5 9  6 5 8  
.0 49 7738 0 
. 8 8 7 0 9 2 0 8  
. 9 3 4 1 4 9 8 8  
. 2 7 8 7 4 9 9 3  
.17902133 
.121368 49
. 0 3 4 8 5 6 8 3
. 2 4 7 2 5 7 2 5
.91258799 
.88835304 
.23731443 
.17416336 
. 1 0 2 2  7 1 7 6
RN.A9 TEMP 
-.00372936 . 
. 0 1 56069 4- . 
.71381579 . 
.9 0752 0 69 .
. 8 3 4 0 8 7 4 8 ' .  
. 1 7 3 8 0 5 6 0  . 
. 2 0 0 8 3 8 5 7  . 
. 1005837,4 .
5.110» +02 
0 2 1 8 2 5 9 2  . 
0 0 3 2 1 9 2 0  . 
90811744 . 
9 1610487 .
71752 0 42 . 
1 1 5 1 3 8 5 9  . 
1 8 2 9 3 7 1 8  . 
0 6 9 7 2 3 9 1  .
AREA 4 
01381739 
0 1 0 7 9 4 6 0  
90659341 
9 1 5 7 6 2 8 3  
5 8 5 1 5 9 5 5  
16408795 
1518137 0 
0 5 7 4 7 6 6 4
. 092»-0 1 
. 0 1 5 9 7 7 9 6  
. 0200779 1 
.91865672 
. 9 2 9 4 5 9 0 6  
. 41 1,3 7 51 5 
.16687422 
. 1 4 3 4 9 9 7 8
. 02 1 4 4  6 2 5  
. 0 1930 1 47 
.92465753 
.9 1529 7 5 5  
. 3 0 8 7 2 4 8 3  
. 1 6 3 3 4 3 2 3  
.14266055
.0 0999 429 
. 2 2 1 5 4 0 3 5  
.91203533 
.9 1467066 
.25078493 
.20663900 
.10362219
RN AlO TEMP 5.19 0» 
. 0 1 7 5 9 0 9 4 - .01273292 
- . 0 1 2 4 1 9 3 5  .01719057 
. 7 6 9 6 3 2 5 6  . 9 2 0 7 6 8 0 8  
.94176621 . 9 6 1 7 8 2 0 9
. 9 9 1 6 8 0 5 3  .95746978 
. 6 0 1 0 2 4 2 1  .44000000
. 5 4 5 3 4 3 1 4  .49873992 
. 3 1 5 8 7 3 0 2  . 2 9 7 7 0 7 8 9
+02 A R E A  
-.023 13387 
-.00202566 
.93051118 
. 9 8 2 6 7  1.1 7 
.87891986 
. 4 6 0 9 0 8 2 4  
. 4 4 7 7 2 2 5 7  
.21307692
5 . 7 6 2 » -01 
.000 16098- 
.00640138- 
. 9 3 4 3 8 5 3 8  
.9 51 1 5 8 9 4  
. 8 1 6 2 1 5 0 3  
. 5 4 7 1 2 9 1 9  
. 4 6 1 2 7 8 5 9
- . 0 1 9 6 5 5 6 2 -  
- . 0 1 5 5 3 7 7 1  
.9 5.0 70 4 2 3  
. 9 4 0 9 6 9 3 5  
". 7354941 1 
. 5 5 0 2 3 5 8 5  
. 3 9 8 6 6 9 4 0
.0 1112186 
.25017756 
. 9 4 9 2 9 3 4 3  
.9574152 5 
.68885230 
. 5 6 5 7 7 7 1 5  
.36601796
R N  A ll TEMP 5 . 2 3 0 »  + 0 2  AREA 6. 557»-0 1 
.0 1005917-.0 1604116-.01520 68 1-.0 2 0 4 7 8 8 9 - .016283 52 .00283733 
-.00295276 .01971558 .01100734 .0 1 0 8 7 6 9 5  . 0 3 8 1 9 2 0 1  .29732583
. 7 6 2 4 0 1 1 5  . 8 6 3 5 6 7 0 7  . 8 0 9 8 8 1 4 2  . 8 1 3 2 6 2 8 2  . 7 9 3 9 7 7 8 1  .84187350
. 8 5 6 9 6 6 2 0  .90971660 . 9 0 8 7 1 3 6 9  .91128373 . 9 1 2 8 4 4 0 4  .92485056
. 9 5 2 7 9 8 6 6  .91361702 . 9 2 8 1 9 3 8 3  .9 1 6 7 3 9 3 2  .88080631 .88127854
. 8 3 0 7 4 1 0 8  . 6 8 5 6 7 5 1 8  . 7 0 5 9 6 2  0 6  . 7 9 8 4 9 3 4 1  . 8 2 7 3 6 9 4 4  .81191806 
.82310838 .73493976 .71148036 .69211325 .67954071 .60642570 
.55359001 . 4 7 6 0 4 4 8 5  .39107884
2 2 6.
RN A 1 4 
- . 0 0 1 8 9 7 7 3  
. 0 2 6 6 5 1 6 1
.84524260 
.93030 508 
.98647059 
.9 52 48 447 
.9 078 1759 
. 7 1 798436
TEMP 5.340» 
.02650475 
.00554245 
. 9 5 8 9 6 7 5 7  
.96834734 
.95109810 
.82315623 
.88472574 
.61340388
+02 AREA 
. 0 1 189 1 8 9 -  
.01978799 
.98591549 ' 
.96153300 
.95036496 
. 8 3 7 6 5 6 2 5  
.8 5813 9 5 3  
. 5 1 3 4 0 9 2 9
7.405»-01 
.00510910- 
.01945755 
. 9 5 1 5 2 7 7 8  
.95213436 
.97084282 
.88052160 
. 8 5 4 2 1 9 9 5
.02127900"
.02607099
.95976676
. 9 8 3 2 2 3 9 2
.95966387
.94486755
. 7941 071 4
.00 185615 
. 3 3 1 2 6 9 3 5  
.9 50 42373 
. 9 4 4 0 8 6 0 2  
.94294479 
.93005008 
.77448276
RN A15 TEMP 5.500» +02 AREA 4.302»-01 
.0 0985577 .00062406 .00495540 .0 1472068 .001 68307 
.00698925 .00765717 .00291020 .00809604 . 0 0 0 2 8 2 4 9  
,64414548 .86506470 .91601179 . 8 8 7 6 4 7 8 3  . 8 6 7 5 2 1 3 7  
. 9 2 3 0 5 0 3 8  . 9 3 3 2 9 8 6 8  .92931034;.94825820 .88725154- 
.75589459 .64144272 .51 74837'8 ,4 4 4 5 8 1 2 8  .38049048 
. 3 1 8 1 4 8 6 9  .23539454 .23994975 .26988417 . 2 8 4 7 3 8 4 9  
. 2 8 5 6 8 5 1 5  .24151539 .2109186V .24402390 .19658635 
.14648760 .1 2 4 0 4 0 9 2  . 0 7 6 9 3 9 1 2
.01332288 
. 1 8 4 9 8 2 7 4  
. 9 3 8 0 0 2 6 8  
. 8 4 6 3 8 135 
.35196650 
. 2 8 1 4 6 5 8 5  
. 1 6 3 1 8 5 9 1
RN A16 TEMP 5.450» +02 AREA 
-.00546331-.00371585 .02080173 
.01286211-.01152461 . 0 0 7 9 7 6 1 9  
.83800505 .93854305 .90715719 
.95779310 . 9 2 5 9 8 3 1 5  .93125443 
.93823529 .9 5 1 1 8  5 9 2  . 8 8 7 8 4 9 0 6  
.74169381 .57280130 . 6 3 8 7 0 9 6 8  
. 6 6 6 4 4 0 6 8  .64614050 .5 8 6 3 1 5 7 9  
.45786517 . 3 8 3 8 4 7 5 5  .30509091
6 . 3 5 5» - 0 1 
. 0 2 5 3 1 2 3 3  
. 0 0 8 6 1 0 0 9  
. 9 3 8 4 1 8 8 6  
.95748031 
. 8 4 8 2 2 3 7 3  
. 6 7 2 2 7 8 9 1  
.60753676
RN A17 TEMP 5.360» +
.00712831 
.07525656 
.'72 6 5432 1 
.65095004 
. 7 7 0 4 9 6 4 5  
.529 6 0 63 0 
.40557377 
. 2 1 0 6 0 4 8 1
. 0 1 5 2 9 7 1 6
. 137217 19 
. 6 4 7 2 4 6 1 8  
. 6 3 8 5 1 2 0 4  
.79898256 
.39924127 
. 4 3 6 8 7 1 5 1  
.13519164
02 AREA 4 
. 0 1 8 2 6 8 2 2  
.21180516 
. 6 1 4 6 3 7 5 8  
. 6 8 5 8 9 5 6 3  
.61484654 
. 3 8 3 6 6 7 1 8  
. 3 7 7 3 0 2 6 3  
. 0 8 6 9 4 8 8 5
.841»-01 
.00466125 
. 2 5 2 9 8 1 6 5  
. 5 9 4 5 1 8 5 2  
.69 6 2 1 3 1 8  
.8 0 13 4731 
.35815434 
.36920583
.0 0648 407 
. 0 2 7 4 2 6 4 2  
. 9 3 1 3 1 8 6 8  
.98000000 
.8 1435185 
. 7 2 3 2 3 2 3 2  
. 53826940
. 04612046 
. 4 4 1 8 5 7 7 3  
. 62 7 8 0 2 0 4  
. 7 4 5 6 9 8 1 7  
. 7 8 1 9 6 8 4 4  
. 3 8 6 3 5 6 5 9  
. 3 1 0 7 2 3 1 9
. 0 1 8 3 2 9 4 7  
. 3 0 4 0 5 5 7 7  
. 9 0 6 9 8 3 0 5  
. 9 2 8 9 7 6 0 3  
.8 1748031 
. 7 2 8 4 9 8 2 9  
.49 19 6 4 2 9
.03848 684 
.68780193 
. 6 4 6 3 1 1 1 8  
.74936886 
.6717 4 4 1 0  
, 3 9 176755 
. 2 2 9 5 4 9 2 5
RN A19 TEMP 4.650» +
. 2 2 3 6 3 7 1 8
.38497082 
. 6 4 5 8 5 6 6 6  
.44709677 
. 8 7 7 3 1 196 
. 7 3 8 4 9 8 7 9  
.75070323 
.4701 2 8 0 2
. 2 2 5 5 4 6 0 6  
. 5 2 8 8 6 4 9 7  
. 4 2 3 5 8 7 0 8  
.55387931 
. 9 3 0 5 0 5 4 2  
.64528302 
. 7 4 4 3 4 8 4 0  
. 3 7 2 8 8 1 3 6
RN A 2  0 TEMP 8.200»
-.01240620-.01481481 
-.00674536-.0 0776699 
, 6 6 0 2 7 7 4 3  .8 1 6 3 9 1 2 8  
.79126638 . 7 8 9 2 8 5 7 1  
. 8 2 3 8 6 1 8 5  .80436817 
.32040302 .20222032 
.10054645 .09245107 
.06673209 .06213592
02 AREA 
. 2 2 9 4 7 4 1 7  
• .65526575 
. 3 2 5 6 9 3 6 1  
.62.2 0 7792 
. 9 1 2 1 7 7 9 9  
.66677719 
.67 18 9 6 3 2  
. 3 7 2 1 5 9 0 9
+02 AREA 
- . 0 1 7 6 9 3 5 2 "  
-.0 06099 7 1. 
.8 1.362398 
. 7 9 2 15094 
.77293470 
. 1 50 7449 6 
. 1 0 0 0 0 0 0 0  
.04912281
6.708»-01 
, 2 4 0 3 1 3 6 5  
.8 1628024 
. 3 8 2 1 8 3 9 1  
.67417062 
. 9 2 4 6 8 7 5 0  
.67702703 
. 7 4 4 3 8 2 0 2
3. 79019- 01 
. 0 0 5 5 5 2 5 9  
. 0 1 4 2 8 5 7 1  
.79 50 4132 
. 7 8 4 9 3 9 7 6  
.69320388 
, 1 41 052 63 
•08730009
. 2 4 6 7 6 2 2 6  
.92871287 
.339 47028 
'i 7 6 8 9 9 5 1  0 
. 9 6 7 3 4 8 2 8  
. 6 7 5 3 9 7 8 8  
.66527778
.33301 0 6 5  
. 9 1 8 9 6 1 8 6  
.38636364 
. 8 3 9 6 6 7 4 6  
. 8 7 5 9 2 5 9 3  
. 7 1 3 1 6 8 1 9  
i 5 9 1 5 7 3 8 2
. 0 192 1 39 7- 
. 0 1 585586 
. 5 1 53 68 42 
. 79937646. 
. 5 7 3 6 8  4 2 1 
.I 3940455 
. 0 7 6 1 9 0 4 8
.01512792 
. 2 2 1 2 7 6 6 0  
. 79 7689 53 
. 7 9 2 1 6 8 6 7  
. 4 4 6 7 2 7 4 2  
.11873303 
. 0 9 2 5 9 9 6 2
J:
227
RN A2l TEMP. B .240»+02 AREA 4.2 33» - 0 1
-.0 688 7 75 5-.G69 554Î4-.07045161-.065 60 000-.0 59 01639-.04918033
-.05176803-. 0 4 5 8 9 2 3 5 - . 0  48 00 00 0 - . 0 3 7 6 6 4 2 3 - . 0 3 7 5 5 7 2 5  .25045045 
.69000000 . 6 8 1 4 5 6 9 5  .64714286 . 6 6 3 8 5 3 2 1  . 6 6 0 9 0 2 2 6  .69318182
.72584270 . 7 4 6 7 9 6 1 2  . 7 7 6 4 0 2 3 2  .76717557 .78 49 7110 .78160920
. 7 8 8 2 3 5 2 9  . 8 0 4 5 9 7 7 0  . 8 1 4 2 0 3 4 5  . 8 0 0 3 8 8 3 5  .78873 786 .74257426
.61939394 .46500000 . 3 5 9 0 0 6 2 1  .31440501 . 3 0 2 5 4 2 3 7  .29936306
.28068670 .23919822 .19912664 .20904977 .18272727 . 1 7 7 4 2 6 6 4
. 1 3 8 2 4 8 8 5  . 1 2 6 0 9 7 0 0 - . 0 3 6 6 1 9 7 2
RN A22 TEMP 8 . 2 7 0 »  + 0 2  AREA 5.454»-01 
.00151134 .01137800 .00078227 .00158311 .01428571 . 0 3 0 8 1 0 8 1
.03096234 .03050847 .04173913 . 0 5 4 5 4 5 4 5  .07286357 .36936937
.75095541. . 7 2 9 2 9 2 9 3  .70638298 .71 5 7 6 9 9 4  . 7 0 6 8 1 8 1 8  . 7 4 3 8 2 0 2 2
. .78339623 . 7 8 5 6 8 6 6 5  .79273423 .7 9 4 6 5 6 4 9  . 8 2 3 6 8 9 3 2  . 8 1 3 9 5 3 4 9
.^1411765 .82213740 . 8 2 2 3 0 6 2 4  .82544031 . 8 4 2 8 2 9 0 8  .84811133
. 8 0 5 9 8 8 0 2 '  .73250000 . 6 3 9 5 8 7 6 3  .57494781 . 5 4 8 9 3 6 1 7  .531210,19
.50962343 .45758242 .42631579 .41785714 .38433180 .33877551
. 2 9 4 4 4 4 4 4  .26773455 .21028037
RN A2 4 TEMP 7 . 9 0 0»+02 AREA 3.631»-0 1
.05824368 .06367014 . 0 6 8 8 9  5 8 8  . 0 5 5 8 1 8 3 0  .05776512
.04343828 .05790546 .05835193 .06607871 .06653683
. 3 3 9 6 7 2 9 0  . 5 9 8 9 9 5 1 0  . 7 7 4 8 6 7 9 2  .83486559 . 8 8 3 7 9 1 8 7
. 8 6 2 5 7 7 8 2  . 8 5 0 9 1 6 9 1  . 8 2 6 5 6 1 0 4  . 7 7 6 4 6 1 5 3  .7-2445490
.55088519 . 4 5 2 1 5 7 8 3  . 3 8 0 5 5 6 5 9  .32420253 .29310222
. 2 3 3 2 9 0 1 2  .16976837 . 1 5 8 7 6 7 0 8  .18119187 .19750495
. 2 0 7 5 9 1 4 3  . 2 0 4 1 5 1 2 7  . 1 7 0 3 9 0 3 5  . 1 9 4 8 6 5 3 4  . 1 8 2 5 7 8 5 4
. 1 3 9 9  4 4 9  5 .10840170 .09092309
. 0 6 5 1 7 3 2 8  
. 1 2 4 2 9 6 6 0  
.85314533 
. 641 78 7 67 
. 2 5 8 9 8 4 9 0  
. 1 7880971' 
.16465141
RN A25 TEMP 7 .740» +02 . AREA 5.861»-01 
. 0 2 4 4 3 2 0 6 - . 0 0 4 4 0 4 3 4  .00867230-^. 00028668 . 00221261 . 0 0 2 7 0 7 2 8  
.01721559-.01111502 .01191626-.01215054-.00343066 .14533619 
.57063338 . 7 1 5 3 8 3 0 2  .71280407 .78037620 .7 5 3 9  4 3 6 5  .80249855
. 8 6 8 9 3 1 3 5  .91031803 . 9 2 9  5 8 2 5 9  .9 0 5 5 8  6 6 3  .92439895 .89724674
.88989298 . 8 5 8 6 5 4 5 8  . 8 2 9  5 8 8 2 6  .82697257 . 7 8 1 7 9 7 4 4  . 7 4 2 0 3 7 5 8
.70216578 . 5 7 2 5 9 4 0 9  . 5 6 4 7 4 3 8 4  . 6 2 8 6 5 5 4 8  . 6 5 5 6 1 2 6 4  .70066640
.65431810 .60142086 .5 9 6 6 5 7 3 4  .58103323 .57350299 .5 4 9 9 2 2 3 2
.52587913 . 4 6 1 1 2 7 9 2  . 4 1 2 9 2 8 0 1
RN A2 6 TEMP 7.9 0 0»+02 AREA 6.9 33»-01
-.10000000-.00873306 .00888461 . 0 0 2 4 5 6 9 2
.00447353 .0 1 2 8 1 9 9 2  .00616513 .00344556- 
.71160309 . 7 4 2 8 9 3 0 8  i35130282 . 7 5 5 4 7 8 9 2  
.89111590 . 9 2 1 1 5 8 3 1  .94543121 . 9 5 5 9 2 9 5 9  
.92502552 . 9 3 2 5 7 1 4 6  .91700618 .95074438 
.87571564 .81251870 .81511007 . 8 6 5 1 8 4 8 1  
. 8 5 2  6 8 9 9 4  . 8 6 3 0 4 9 7 5  .8456404.6 .82220559 
. 7 9 7 8 7 6 0 7  . 7 4 4 8 5 9 7 4  .72392422
.00171513 
.0541 0 733 
. 7 5 5 3 5 9 2 5  
.95368 1 70 
. 9 0 2 7 8 2 0 1  
. 8 8 1 4 1 1 2 2  
. 8 2 1 0 7 9 5 2
. 0 1 7 9 4 3 2 9  
. 3 3 0  5 1 4 9  7
.832720 76 
.92535137 
. 9 1 6 0 8 8 3 3  
.89 569 622 
. 8 0 8 2 5 2 0 2
RN A2 7 TEMP 8.0 0 0»
. 0 5 5 7 3 2 4 8  .03935484 
, 0 5 5 9 5 8 5 5  ,04444444 
.69351145 . 8 0 7 1 2 8 7 1  
. 8 5 2 9 2 8 4 2  . 8 4 7 1 8 6 1 5  
.8,9 136364 . 8 7 8 9 9 5 4 3  
. 3 8 6 8 6 1 3 1  .27339901
. 2 4 4 5 5 6 9 6  .23254593 
.17372654 .14200542
+02 , AREA 
, 0 4 5 5 4 4 5 5  
. 0 4 3 3 2 1 3 0  
. 7 7 6 7 0 6 8 3  
. 8 8 4 7 0 0 6 7  
.85011601 
.24139 651 
.21748072 
. . 1 19/56 522
4 . 62 1 » - 0 I 
. 0 3 4 8 8 3 7 2  
. 0 3 6 4 2 9 8 7  
.78103093 
.88311111 
. 7 5 7 7 4 6 4 8  
. 2 4 1 79 1.0 4 
*21904762
. 0 3 6 5 1 8 7 7  
.0 48 0 7 3 3 9  
. 7 8 2  62 7 1 2
;90067416 
.62917647 
.26281 407 
.19200000
.05315162 
. 2 5 6 7 1 642 
.81446809 
. 8 9 3 8 7 7 5 5  
. 5 0 0 2 3 8 6 6  
.25663265 
. 19090909
228
RN A28 TEMP 7.770» +
,02399127 
.0 33 48229 
,78155242 
,87854477 
.89680239 
.69789162 
.48497865 
.34290941
.0162 79 68 
.03175082 
.83873573 
.88182655 
.88277331 
.52379998 
.429 74 44 4 
.28652457
RN A29 TEMP 7.81.7» +
.03729876
.04208121
.77003998
.85738345
.84678261'
.76189774
.61846788
.44080312
.03061551 
. 0 556,1 013 
,8 1654162 
.85147698 
. 8 4 9 3 2 1 3 7  
.67373067 
.57562109 
.41544409
02 AREA 
.010288 58 
. 0 1 198251 
.81423066 
.87786308 
.87493150 
.489 32143 
.413612 55 
. 0 1682351
02 AREA 
.03672329 
.05726787 
.82443264 
.88399717 
.83218471 
.62813 2 4 1  
. 5 2 9 6 2 4 2 7  
.32621060
RN A32 TEMP 7.30 0» +
.02506634 
.00094080 
.58330132 
.9 42 0 6989 
.85443891 
.29070185 
.25936394 
.163 66 72 4
.02649577 
.02096724 
.826049 69 
.95734825 
.7 446 7147 
.2211839 4 
.24213577 
. 16932660
02 AREA 
.01167905 
.03627188 
.89703707 
.98720679 
.60644784 
.23034506 
. 2 2 2 3 8 0 3 7  
.11891971
5.543»-01 
. 0 1 1 41 783" 
. 0 1 578275 
.82 54302 7 
.9 039582 5 
.88471030 
.45497510 
.40636091
6. 00 4» -01 
.03754577 
.05812165 
.8 1 068880 
.86360419 
.8 1 590360 
. 59 779 522 
.54180261
4. 51 5» - 0 1 
.00365528 
. 0 1461 50*9 
.951 7 6 9 8 7  
. 9 8 6 3 4 0 8 9  
.55628207 
.24798640 
. 2 1 9 8 9 9 0 5
.00045674 
.03760451 
.82400856 
.89618305 
.84116806 
.48146041 
.39 648147
.03476628 
.09602729 
.81 130372 
.85751737 
.839 6 9 2 8 3  
. 6 2 7 6 1 8 8 3  
.50002818
.02519 511 
,28800934 
. 8 3 6 9 3 7 1 7  
. 8 9 9 3 5 5 7 7  
.78835738 
. 4 7 8 0 0 6 9 0  
. 3 5 8 2 8 0 0 4
.05573998 
.3138 3 0 08 
. 8 1 1 1 7 4 9 1  
.8 59 18 43.9 
.8 1753887 
.62341799 
.46366690
.01657529 
.01580604 
,95752996 
. 9 5 5 7 8 9 6 3  
.438163 08 
.23990887 
.19697665
.03063447 
. 1.68 1292 7 
.940 1 5267 
. 9 0 6 0 4 5 7 6  
. 40 1 79 7 9 %  
.24534213' 
.20227836
RN A33 TEMP 7.3 0 0»+02 AREA 4.492»+00
.00554040 
.05720922 
.82365724 
.96781182 
.99374940 
. 8 5 3 6 2 4 9 4  
.84605770 
. 76824341
, 03731924 
.06779539 
.80182650 
. 9 8 8 1 9 8 9 8  
. 9 6 6 0 0 0 9 5  
. 8 6 7 4 2 5 0 7  
.,8 599 0 521 
.70844773
.05879043 
. 07282.618 
. 8 2 9 55666 
.93426006 
.92360893 
. 8 8 1 3 1 6 6 9  
. 8 7 6 3 6 1 7 4
1 . 1 0 0 0 0 0 0
.0 03 45714-.0 00 59 5 75 . 0 4 6 7 8 9 1 1
. 0 5 5 1 7 8 0 8  
.83145621 
.92484464 
. 9 9 1 6 1 8 1 5
.89 1 4422.5 
.82522551
26364657 
, 8 4 8 0 2 6 1  0
93607025
94688920
90966000
78344260
.72244402 
. 9 1 7 7 9 8 4 2  
.95568572 
.8 78 08 6 8 2  
. 8 6 7 6 0 8 0 9  
.82159323
RN A3 4 TEMP 7.590» +
.04675869 
.02963699 
.82847799 
. 9 1 6 6 5 0 0 4  
.97283374 
.74536554 
.72015371 
.53957606
. 0 3 5 9 4 4 6 3  
♦02241307 
.83316271 
. 9 7 9 7 1 7 9 4  
.95472260 
.60 429 652 
.66572137 
.50032190
02 AREA 
.04325890 
.029 48815 
. 8 1 7 2 7 2 0 0  
1 . 0 0 2 8 4 2 3  
.92273984 
.6 1792 40 4 
.61915642 
. 4 3 0 9 3 5 1 9
RN A37 TEMP 7.280» +
. 0 0 6 6 2  6 8 2  
. 0 3 4 8 9 8 9 5  
. 6 1 3 8 9 8 5 8  
. 8 6 2 9 7 7 9 9  
. 9 2 3 6 0 3 1 6 '  
. 3 4 0 4 8 8 0 9  
.25365455 
. 1 9 6 8 5 1 1  1
.03750690 
.04069288 
.7 0709 539 
. 9 5 3 9 2 8 4 7  
. 8 6 2 7 3 5 7 5  
.23611473 
. 2 5 5 3 3 9 6 3  
.16057892
6.529»-01 
. 0 3 1 9 9 8 5 3  
. 0 4 3 2 3 6 2 2  
. 8 5 2 3 0 4 6 6  
1 . 0070 50 1 
. 8 9 4 2 9 8 5 0  
.68189683 
.60445470
02 AREA 
.01670310 
. 0 3 8 4 8 2 9 5  
.70214701 
.98320893 
.74214650 
.23784117 
.23460741 
.11124006
.03438862, 
.03225625 
. 8 3 0 8 5 2 4 4  
1 .'0038775 
. 8 3 8 5 6 6 8 3  
. 70 0 69 432 
. 5 8 3 1 0 1 0 3
. 0 2 9 1 2 8 6 0  
. 3 1 9 6 3 6 9 5  
.89675754 
.97545894 
.80304752 
.73530707 
.57584862
4. 53 4» - 0 1 
. 0 1 2 1 8 5 9 3  
.04000483 
.74769064 
. 9 9 2 7 7 8 6 2  
.60870009 
. 2 6 6 6 5 4 7 4  
.25312443
. 0 2 8 8 0 7 8 9  
. 0 2 1 9 5 4 3 9  
. 7 69 49 0 72 
. 9 8 3 2 0 2 8 6  
. 4 9 9 7 3 7 4 4  
.26413488 
.19812553
. 0 3 4 7 1 9 1 3
.23435767 
.82950290 
.99396082 
.39380730 
.25018608 
.21 724 788
229
RN A38 TEMP 7.755» +02 AREA 6.441»-01 
.01164289-.00194812-.00535388-.00005761-.00595673- 
.01063914 .00496550 .00504251 .01296709 .02861989
.76117106 .51784826 .40031395 .50158194 .48284494
.81813478 .89400046 .94765998 .98636380 .95632907-
.91-43921 1 .90766471 .91950121 .91596339 .9 1249347
.84576061 .77461238 .78190412 .80359475 .82384651
.80304620 .77709538 .77513643 .75906468 .76901116
.69722445 .64915815 .57525446
.0 0 599 454 .0
.31097051 
.62 1 0 50 5.4 
.95917584 
.87508853 
.82 43 69 52 
.741093 71
RN A39 TEMP 7.450»+02 AREA 6.445»-0 1 
.0 1459928 . 0 1 035984-.00477460 . 0 1278782 .0 058 44 7 6 .01 768086
.01476361 .03268711 .04051860 .05593600 .05716555 .39387294
.80837454 .60608288 .45375987 .54216174 .53393496 .67876885
.84740084 .95612116 .97900027 1.0059888 .98978060 .98762374
.98125380 .96566993 .94328334 .92742192 .9272361 5 .90860680,
.87438473 .74683955 .71660806 .74919414 .77667300 .76189271
. 7,5744767 .71983141 .70783354 .67910380 .63788433 .63809 183
.59326521 .52107988 .42307728
RN A4 0 TEMP 7.789»
-.10000000-.03558332 
- . 00951 496- . 0,18460 18 
.72352853 .50176590 
.78009905 .86909722 
.85226007 .86606000 
.75866969 .67047010 
.68225844 .63667630 
.50798545 .45102426
+ 02 .AREA 
. 00241 12 6- 
-.01570958- 
.38354447 
.89925755 
.85797523 
.64132130 
.60257118 
.36531333
5.601»—01 
. 02800336- 
. 0 1312851 
.47575652 
.90317698 
.8 53292 62 
.65356845 
.59165666
.02579321- 
.00233306 
.46329 765 
.9 0155424 
.83182105 
.66598864 
.56025928
. 0.084488 1 • 
.30490085 
.62946587 
.90316291 
.79253638 
.65669377 
.549 68228
RN A41 TEMP 7.530»+ 
.02911075 .03567333 
.03517983 .05476672 ' 
.87878954 .81751463 
.93580428 .97772847 
.94342554 .96203169 
.87404502 .76396341 
.77718836 .72503645 
.61033998 .56814963
RN A42 TEMP 9.500»+ 
.15352911-.10000000- -.1 0 0 0 0 0 0 0 -.1 0 0 0 0 0 0 0 - 
.61296673 .78325311 
.84873319 .89435525 
.94008637 .92920883 
.32907569 .14638807 
.01190955 .00140262- 
-.0 58 08248-.07307427-
02 AREA 
.03879859 
.06148543 
.71511259 
.96923877 
.91995048 
.75030886 
. 69608255 
.50135583
02 AREA .1 0 0 0 0 0 0 0- . 1 0 0 0 0 0 0 0 - 
.73073285 
.8922 7 578 
.87674129 
.07101271 
.01 009239- 
. 08467302
6 . 8 6 3 » - 01 
. 02773786 
. 02953180 
.79438846 
.99654814 
.93433043 
.76896142 
.69396510
. 0 1 486194 
.06572734
.78510285 
.96783929 
.92250509 
.78012047 
.67843661
. 0 1960961 
.40843.1 13 
.84577326 
.94539 624 
.9 160 1276 
.81335049 
.6655819 1
3 . 2 5 1 » - 0 1 . 1 0 0 00 0 00 -  .10000000- 
.74392063 
.89659247 
.79780739 
.01912498 
.01252875-
.10000000' 
. 1 0 0 0 0 0 0 0  
.77791681 
.90 1 00979 
.67694965 
.00 193069- 
. 041 69 0 72-
. 10 0 0 0 0 0 0 
.00 7289 32 
. 7845041 6 
.88092681 
. 4751,668 1 
.00279376 
.04489331
RN A43 TEMP 9 . 0 0 0»+ 02 AREA 7.806»-01
-.03930817-.00589587 .00093686-.00390171 .00147895 .00221444
.00043888 .00619628 .01693803 .01472279 .01152217 .42599082
1.100000 0 1.10 00000 1.09 88 789 1.1000000 1.1000000 1.1000000
1 . 1 0 0 0 0  0 0 1 . 1 0 0 0 0 0 0  1 . 1 0  0 0 0 0 0 1 . 1 0 0 0 0 0 0  1 . 1 0 0 0 0 0 0  1 . 1 0 0 0 0 0 0
1 . 1 0 0 0 0 0 0  1 . 1 0 0 0 0 0 0  1 . 1 0 0 0 0 0,0 1 . 1 0 0 0 0 0 0 1 . 1 0 0 0 0 0 0  1 . 1 0 0 0 0 0 0
1.1000000 1.0408151 .88833664 .79652385 .75915584 .67541274
.64253870 .59990881 .53620635 .53396949 .51224151 .45325880
.47109950 .38147916 *34134969
: ! 
, I
i t
230
RN A45 TEMP 5.0 07»+02 AREA 6 . 725»-0 1 
.29321708 .27206236 .27072.533 .26149257 .27284338 .30036131 
.37743722 .38213912 .39094888 .39898724 .40364864 .53192948 
.67929715 .27018291 .06561022 .09390519 .08469438 .21523836
..47925188 .68659443 .7963278 1 .85971203 .88962020 .8659 4944
.88720623 ,82875865 .80327672 .77424553 .76881173 .76923555 
.8518728 0 .86594771 .84424153 .81422197 .81042574 .78963814.79917544 .82225471 .82460019 .8128619 0 .85353165 .86440045
.84732305 .85690136 .83428185
RN A46 TEMP 4.850» + 
.12197528 .15087937 
.2073898 7 .27130972 
.69360913 .63628117 
.63958091 .65785633
.79120695 
.66192734 
.66561746 
.37168275
78138 1 1 0 
53150897 
62945718 
33828664
02 AREA 
.10545056 
.30269806 
.59057135 
.70809133 
.80009888 
.54197229 
.63790532 
.28006394
6.038»-01 
.131970 45 .36159735 
.61 188823 
.69398841 
. 78 71 49 69 
.60845392 
. 63772 78 5
. 1.6404526 .57639027 
.60321576 
.73570016 
.8 1 094589 
.65499511 
.56840506
.159 71296 
.76835837 
.619 50705 
.8 0 164334 
. 78 0 78341 
.68379673 
.47517571
RN A48 TEMP 5.0 50»+
.00342499-.01566827 
-.00899848-.00271259 
.*62496446 .592 59 458 
.36862902 .20335565 .00192263-.01076333 
.01305368-.01039649- 
-.0 1479298-.0 09080 67- 
-• 00556641 -•00434466-
02 AREA 
.00965952- 
.00604179- 
.46721 on 1 
.09351727 .00905531 
.00634790- 
. 00812670- .00459574
1 .066» - 01 
.001 17144 
.00181108 
. 45759 09 7 
.02018274 
.00360872- 
. 00280486- 
. 012071 0 0-
.00698825
. 1 0082833.50579209
.00726769-
.00132455:
.00812799
.00703938-
. 0 0 6 9 0 1 3 6  
.42798897 .6 
.4 79’2 69 57 
.00177840 . 
.00155592 
. 0 0038 55.1 
.00574016
RN A49 TEMP 4.9 0 0»+02 AREA 2 . 060»-01
.0 1-060343 .0271 1 1 74 .01736999 . 0 1 125954 .00456574 .0 1 199499
.01429098 .01869150 .02720274 .03375001 .16870896 .60798298
.88590601 .86666756 .83399614 .84608013 .87449 780 .87294402
.74917785 .54913507 .28947999 .12029016 .06424884 .02647184.02087236 .02027488 .0131 1819 .02219889 .0 0799 798 .01 598 717.01894855 .02234529 .01107264 .00736567 .00540400 .01067061
. 00510512 ,0.1 633404 . 02 1 53587- . 0009451 7 ,01 593371 . 05391871 
.00996773 .01212746 .00600384
RN A50 TEMP 5.0 10» 
.P 13440 5 0-.0 0070482 
.00862760 *02068720 .95490553 .96555375 
.9 1938975 .-79033019 .02827334 .00641463 
. 0 120-0236 .00705872 
.007^014^ .00212129 
-, 0 144499 1 .00895844
+02 AREA .00951289 .03039512 
.95961 1 35 
,..49521271 
. 02 51 1924- 
.01814402 
.00707969 
.00965077
2.392»-01 
.011 13432- .04388839 
.98583588 
.229162 73 .00570559 
. 0 0484046- 
* 00792844
.00131751- .2 1 074926 .98625163
.0 79 749 79 .00870590
.00091610- 
.00 02 69 1 7
.00317952 
,70018629 
.97258789 .04829461 .02283387 
. 0 09 12 504 .00238802
RN A51 TEMP 5.399» + 
.08 52 673 5 .04231014
.04239092 . 090 13502 
.06179311 
.50748097 
.29638881 .03086260 
.02218327
04765569
092389300589250448222504
19180158
02741972'*02705267
02 AREA 
.030 10163 .04677952 
.07636838 
.0 6378184 
.37439333 
*09163670 .02255951 .03654290
1.299»-01 .02866032 .07596768 
.07531334 
.05775490 
.34859893 
.Ô510 69 07 
. 02646638
.03476226 
.07631338 .05702464 
.11744339 
.390 1 1 0 1 7 
.03644385 
.03574505
.04129846 .08753149 .06488667 
.35328019 .38585903 .03582092 
.02859301
231
RN A52 TEMP 4.700»
. .2 0340 0 03 .22210 066 
.22570036 .21994744 
.83479.839' .80645796 
.88269437 .86184847 
.93219523 .92328007 
. 95182*40 1 .94526082
.91586077 .94813620 
.94435580 .^0846844
+02 AREA 
.22167666 . 
.2 4741313 . 
.77716941 .
.87589424 . 
.91420523 . 
.98626946 . 
.9 574637 4 . 
.97646677
8.096»-01 
2 1 8 2  7 4 4 9  
2 2 9 1 8 9 0 2  
79978933 
9 3 1 5 8 2 2 0  
9 0 1 2 0 7 1 8  
950 1 08 12 . 
9 2 7 9 3 3 1 0
.21710779
.27838334
.80349 717
. 9 3 4 1  58.25
. 9 5 4 1 4 4 7 9 .
.92667733
.92449338
.2 1585446 
. 5 3 5 4 3 7 0 5  
.80545116 
.9 0439 742 
. 9 5 3 2 3 4 9 7  
..977519 19 
.‘90365357
RN A 5 3  ' TEMP 4. 700» +
.10154284 .0 9 9 6 9 3 2 0  
.06721643 .06589058 
. 2 8 9 4 9 7 7 7  .21490399 
. 0 5 3 7 5 2 6 7  .04886115
.71609960 
.69515293 
. 1 1477735
726888 1 7 
50171084 
09325338
. 1 0 1 9 8 9 0 7  . 0 9 8 7 7 4 2 8
RN A54 TEMP 5.000»+ 
.21497114 . 2 1 6 5 0 7 6 7  
. 2 1 3 7 8 2 6 9  . 2 4 9 0 1 7 1 6  
.77091075 .74496102 
.79077733 .80016519 
.84792643 . 8 4 7 8 4 9 0 3  
. 9 0 3 3 1 4 9 0  .88792527 
. 8 8 1 1 3 6 2 8  .84711344 
. 8 5 9 4 5 9 3 5  . 9 2 5 3 0 2 8 3
02 AREA 
,07496366 
.17893148 
. 1 09 4,70 02 
. 04180 128 
.75211107 
.28571338 
. 0 9 8 0 3 6 7 9  
.09594761
02 AREA 
.19425704 
.24914150 
.73162353 
. 8 0 3 2 9 3 8 9  
.87225395 
.88259886 
.87496997 
. 8 7 4 1 0 6 7 6
2 . 7 08»“01 
.07487036 
.40364897 
. (T795461 7 
. 0 4 5 5 5 0 9 5  
. 7 4 9  08-74 7 
..'192 12 607 
-. 1 1204389
7.623»-01 
.21012812 
.27432708 
.72383421 
. 8 2 2 7 4 3 0 1  
.8 58 1 6678 
.89426350 
.89652605
. 0 8 6 3 2 6 9  7 
.37477269 
. 0 49 62 79 7
.19 1 59845 
.76318396 
.13972627 
. 08898289 -
.2051,5293 
.34662069 
. 72748646 
.8 71 49213 
.86366922 
.8 73 55414 
.8 73 63 0 44
. 06194656 
.33272755. 
.04447094 
.5 1717737 
.J7470795 
.i10 19935 
, I'l 0 0 58 44
.21766583 
.61601344 
. 761 51305 
. 8 4 3 1 0 4 9 8  
. 8 8 0 2 9 3 5 8  
. 9 0 7 7 4 5 8 5  
.88584121
RN A55 TEMP 4.300»
.06737375 
.04486591 
.17721716 
.05165658 
.6 55 44658 
.74130870 
.09972057 
.09448903
.04360521 
. 0 4 9 9 9 6 8 3  
.11238432 
. 0 3 9 4 8 0 2 6  
. 6 7 2 9 3 2 4 9  
.61743380 
. 1 0 6 8 0 5 0 8  
.10740830
+02 AREA 2 
.03976526 
. 1 3 2 2 9 2 7 9  
.08915349' 
.05697314 
.68714020 
*.41366568 
.09946756 
.11781719
. 480» -0 1 
.03039288 
.242 62104 
.0 559 0 79 4' 
.05994192 
.71 0 3 4 8 6 6  
.23111347 
. 1 0037924
.04851767 
.249 63446 
04423500 
.20842017 
. 72 62 4563 
.14643385 
.10957009
.03267671 
.19925556 
.05715978 
.50061541 
. 74 6392^4 2 
. 1 0 5 1 2  69 7 
.09015110
RN A56 TEMP 4.8 0 0»+02 AREA 2 . 154»-0 1
. 0 1 448 345-.00 1 54882 .00124041 -.0 1552 1 0 7- 
. 0 0 6 2 3 6 2 7 - . 0 0 3 1 7 0 5 2  --..0 48 4,4657 . 1 0202801 
.07538721 .04952685 .05234458 . 0 3 4 8 9 7 9 6
.02630068 .00713460 .02741994 .0 2 6 4 2 6 8 3  
1 . 0 2 3 0 4 9 4  .94687605 .88319019 ,90353899 
.66674504 .38020886 .18211752 .05866308 
.01179290 .01518189 .00679333 .01703604 
. 0 0 2 1 8 2 9 7  .00706355 .03048954
RN 8 5 7  TEMP 5,009» 
.00 10 7473-.0 131347 4 
.02043380 .03546564 
.0 6268929 . 0 6 3 1 3 4 7 7  
.05408564 .04656057 
. 5 6 3 4 8 2 6 3  . 5 0 6 5 9 6 9 4  
.27306410 .149 33151 
.020 530 65 .0 10469 7 6 
. 0 0 8 2 6 6 6 5  . 0 0 9 2 5 1 6 2
+ 0 2  AREA 
.00 15 5 7 5 6  
. 0 5 8 4 8 2 5 1  
. 0 7 8 3 0 5 5 9  
.0 43 8 3( 7 50  
.38741706 
.07278288 
.01136392 
.02885555
. 0 1803350- 
. 1 0 2 6 7 0 2 3  
.0 10 3 8 0 4 6  
.21195070 
.9540,8022 
. 0 5 6 6 7 3 8 0  
.0 15 3 5 9 4 2
. 0 0 1 9 1 6 1 2  
. 0 7 9 3 2 7 1  0 
. 0 2 2 0 0 3 9 1  
.70884271 
. 8 8 7 5 5 2 9 5  
. 0 0 7 4 8 9 4 2  
. 0 1 6 0 3 6 2 0
1 . 190» -0 1 
.00954403 
.05653151 
.07439664 
. 0 4 9 9 0 4 8 1  
. 3 7 8 4 9  681 
.02612442 
.020 1 021 1
.0 1228993 
.06632367 
.0,52006 1 3 
.136892 1 3 
.42644758 
.02375049 
.01324819
.00162840 
.05816145 
. 0 6 5 4 2 9 8 6  
.43101367 
. 3 8 1 7 6 6 8 2  
.00786253 
. 0 0 6 8 5 8 7 3
/I , p p m » ,,
232
RN A58 TEMP 4.99 4» +02 AREA 2. 077»-01
00024100-.00,0 1 1 463 . 02 1 4359 5-. 0 1 1 02 1 66 .0279 1963 . 00637852
.02297317 .02627543 .05979757 .09330422 ,12 0 0 5 6 79 ,08570716
. 1 0,025384 . 06968888 .08254040 . 06226626 .02084606 .05243064
.03883535 .03840346 .05063941 .04581717 .21455128 .69^08858
.99545906 .8981431,1 ,75670 040 .781 02818 .83739851 . 78136780
.56489300 .31561716 .15596983 .05660992 .03561105 .03503015
.01901679 .02534632 ..00845293 .01624460 .03867732 .01885423
.01036611 .01915959 .02379622
RN A59 TEMP 4.800» .13926049 .1^160014
.17827710 * 69824800 .63261198 .77182421
17681236 
62217203 66395458 75654899
.80353920 .76813800 
.77131381 .79199322 
#83589382 .75170392
+02 AREA 6 
. 13566750 .22498617 
.59898342 
.68124207 
.7*644499 3 ‘ 
.76811948 
.77021628 
.74037362
. 62 7» - 0 1 .14207453 .25751866 
.60440315 
.69047212 
.77487057 .78769956 
. 7.7354506
.15070625 
.34554323 
.60541892 
.75233493 .76360913 .8 1638602 . 78279946
.16561199 
.56610778 
.61309833 
.76279104 
.77993997 
.79 I 549 08 .82289844
RN A6 0 TEMP 4.7 50» +02 AREA
.12765761 .11318576 .10067544
.07466885 .06585646 .10280602 .22353682 .17697904 .12403287 
.10002859 .09408199 .11346093 
.79325006 .85004362 .86247668 .88681974 .86164324 .68636159 
.13643880 .11588831 .11631477
.13025112 .11953293 .10964049
3 . 199»-01 .08377725 .20825238 
.09 714132 
* 1231 6818 .86728026 
.40508938 
. 1 1 519 694 .
.07822502 .29137393 
.08380630 .19610463 .87605496 .21813233 
12369337 ..
.07237629 .24133379 .098642 58 
.479 79 375 .90198020 .15019380 
11795161
RN A61 TEMP 4.898» +02 AREA 
.00005799 .03147932 .02007337 
.01820002 .00533752 .00963515 
-.04991038 .02542232 .03331858 
,.00246473-.00174939 .01244227 
.83176017 .918 06828 .89149483 
.83217917 .61871895 .35081531 
.02 72 7162 .02475062 .01297199 
.02648710 .00947732 .01596964
2. 09 1»-01 
.00381139" 
, 0 4689 545 
. 0 1 464737" 
.00670613 
.89106005 
.12735164 
.00847141
.00208 125- 
.07572088' 
.00460237 
.0 7910 048 .90334889 
.05^601 563 
.01542675
.00755520 .05187876 .00566296 .38884623 
.92133866 
. 0 19 72625 .00333255
RN A62 TEMP 4.862»+02 AREA 9'. 694»-02 .20704248 .00979819-. 00418860 . 008.01241 . 00787871 - .00049433 .02022984-.00391196 .01211088 .02404770 .03556763 .02758385 
.0 196190 1 .01393888 .02654860 .00918429-.00726915 .00477731 
-.00088605 .0065571 5 .0 1 132551 .01 185454 .02495605 .2001628 6
.47805159 .51447915 .41636334 .35681601 .37664539 .40642745
, .33114696 .22890381 .10362984 .03108530 .00053196 .00633136
.01842 7 49 .00501203 .01347948 .01213855 .01078 785-.00091645.00749996 .00132753-.00330301
RN A63 TEMP 4.8 63» + 
-.00784800 .01573389
0 0 561094 
04665725 01750002 70057891
00079303 
0 4682 037 
01885097 
78234339.64042809 .46510595 
.00797520 .00504011 
.00842572 .00831204
02 AREA 
.0314767 6 .03199065 
.04742437 
.0111 09 1 0 
.70738090 
.24693635 .01220316 
.02067025
1 . 697» - 0 1 
.00078745 
. 0 38 0 628/2 
. 02939 725 . 02201 046 .68702353 
.08935060 
.00650628
.00676312 
. 08186634 
. 0 10 689 5 7 
.05553758 .70874603 
.02993974 
.00906765
.01246516
.0 5389 40 7 .01 409.685 
.31444700 
. 73387809 
.01855027 
.0018103 4
233.
RN A64 m i P  7.110JO+02 AREA
*23471544  
.3 11 46 5 54  
,8 61 10 9 16  
,86901912  
,86272663  
,8 79 62 9 66  
,84274163  
,7 3 8 3 8 8 1 7
.2 42 66 5 57  
,33602661  
,871 19 4 27  
*86069197  
,86449174  
,87380580  
.84596370  
>69037200
.24018772  
,359 79 7 40  
*86619370  
,869 92 4 62  
,87940412  
* 85290072  
,8 2 7 7 0 1 2 8  
.6 31 51 8 32
7.86610-01  
,2 39 08 4 09  
.39660730  
,8 6 2 46 0 17  
.8 56 57 0 80  
,88222181  
,8 56 23 1 50  
.8 14 62 8 24
.25457575
.49526322
,8 62 03 0 16
.86394561
,89278812
.86440871
,799 85 3 17
,2 86 04 3 08
,7 2 5 01 7 27
,86744181
,85363462
,8 80 35 7 26
,86201415
.7 6 9 73 9 80
RN A65 . TEMP 6,80010+02 AREA
,31462293
.1 79 48 6 44
.2 01 57 8 88
,194 31 3 04
.922 04 1 55
,9 8 3 3 0 4 2 6
,2982271.4.
,201 49 2 40
,2 86 87 3 27  
.17480570  
.19248972  
.2 01 89 3 58  
,9 47 60 3 38  
, 99102979  
,2410.6901  
.1 98 84 3 79
.2 33 22 2 01
.18622966
,1 8 3 4 2 2 2 9,22222200
,9 5 7 3 1 1 0 8
,96075103
.2 23 57 3 97
,1 9 7 3 6 5 6 0
4.49510-01  
.2 0 1 3 4 1 3 8  
.2 1 5 6 3 3 3 9  
,16931303  
.2 4 6 5 6 6 0 8  
.9 51 58 4 17  
.8 41 98 1 90  
,20748761
.1 81 81 1 48
.2 15 05 7 99
.1 87 04 7 08
,40501715
.97067085.61716261
,21339846
.18150121
*21308170
,18387826
,753 79 6 55
.97669188
,40923420
,2 01 62 9 38
-RN A6 6 TEMP 6 . 9 9 9 » +
. 0 4 7 4 2 7 4 1  
. 0 0  1 1 1 6 7 0  
. 0 1 2 3 3 7 8 2
. 0  08 4 7 3 8 2  
. 9 9  5 5 9 0 2  0 
1 .'0 2  1 0 38  6 
. 0 4 3 7 4 5 3 7  
. 0 0 9 0 3 7 5 2
. 0 3 8 3 9 1  1 7 
. 0 0 3 1 0 6 3 7  
. 0 1 2 6 2 2 4 1  
. 0 1 6 6 4 4 6 4  
1 . 0 3 4 4 1 9 9  
. 9 3 1 7 2 7 8 1  
. 0 2 4 9 7 1 3 6  
. 0 1 2 7 9 3 3 1
RN A67 TEMP 7 . 0 2  4» +
. 0 3 9 4 4 0 8 4  
. 0 3 6 3 9 9  02  
. 0 6 0 2 8 4 3 9  
. 0 3 5 . 3 4 2 1  1 
. 7 3 3 4 7 6 3 5  
. 5 3 7 7 6 4 0 5  
. 0 0 6 5 0 3 7 3  
. 0 0 5 3 4 8 9  0
. 0 5 1 8 0 7 4 3  
. 0 4 0 3 9 9 6 3  
. 0 5 4 6 6 2 3 9  
. 0 2 6 3 5 5 3 6  
. 7 5 0 9 8 6 6 7  
. 4 0 7 8 7 3 5 9  
. 0 0 7 0 4 6 8 4  
. 0 0 7 2 3 5 6 4
02 AREA 
. 0 2 2 5 5 5 7 0  
. 0 0 9 5 7 9 4 0  
. 0 1 2 3 5 0 3 1  
. 0 2 0 3 3 5 9 9  
1 . 0 3 5 2 7 2 2  
. 7  1 4 6 2 7 5 4  
. 0 2 0 5 8 0 1 2  
. 0 1 2 2 7 1 8 0
02 AREA 
. 0 4 8 3 2 9 4 8  
. 0 4 6 3 3 8 1 5  
. 0 4 9 2 2 3 6 2  
. 0 2 1 2 3 4 9 9  
. 6 6 2 9 9 4 4 2  
. 2 4 3 6 0 8 5 5  
. 0 0 5 2 4 3 3 0 .  
. 0 0 1 8 1 1 2 9
2 . 7 4 4 » - 0 1  
.  0 0 8 0 1  4 3 3  
. 0 2 1 7 4 7 9 5  
. 0  0 4 3 3 8  58  
. 0 3 4 7 9 6 2 0  
1 . 0 2 1 9 8 7 6  
, 4 4 3 4 4 7 5 3  
. 0 1 1 8 7 6 2 3
. 0 0 4 7 6 8 9 2  
. 0 1 8 4 0 7 2 1  
. 0 0 6 0 6 6 3 2  
. 2 1 7 0  1 168  
1 . 0 4 2 3 6 5 0  
. 2 1 8 0 2 6 1  5 
. 0  1 1 9 4 7 1 7
. 0 0 2 4 7 0 2 5  
. 0 1 5 8 2 8 4 8  
. 0 0 9 9 3 9 4 7  
. 7 0 7 8 8 9 3 1  
1 . 0 4 5 2 4 0 0  
. 0 9 3 7 4 0 0 5  
. 0 0 8 7 2 6 6 0
1 . 9 5 0 »  - 0  1 
1 . 0 2 7 5 7 6 8  
. 0 5 5 6 2 0 4 6  
. 0 3 7 2 0 6 8 2  
. 0 1 6 4 6 5 2 8  
. 5 8 2 6 3 0 2 6  
. 1 1 2  0 0 0 7 5 
. 0 0 4 2 5 2 2 4
. 0 3 5 5 6 4 6 5  
. 0 5 7 9 7 6 1  7 
. 0  38  69 6 2 3  
. 1 1 9 1 1 8 2 1  
. 5 9 6 6 5 0 1 7  
. 0 3 5 0 5 9 9 3  
. 0 0 5 9  4 8 6 5
. 0 3 4 5 1 7 0 3  
. 0  60  0 8 4 7 8  
. 0 4 5 1 6 1 3 7  
. 4 6 4 3 4 6 7 7  
. 5 9 6 6 1 3 3 7  
. 0  09 59 6 5 2  
. 0 0 7 6 1 8 8 6
RN A68 TE M P  6.80010+02 AREA 2.40110-01  
,0 42 36 1 16  .03650452  ,0 24 01 9 67  .0 16 43 2 76  .0 11 36 5 08  ,009 04 9 70
,0 11 70 8 33  ,01270330  ,0 13 03 5 55  ,0 14 74 9 72  .01430760  ,015 61 9 36
,0 1 4 0 5 7 3 1 ,,0 1 7 0 3 8 7 1  ,0 2 4 2 2 6 6 7  .0 1 6 1 8 6 5 6  .0 17 44 6 15  *01946048  
.01967835  >02331208  .0 24 11 4 86  .0 3 1 2 2 8 5 8  .18479902  ,63203952
,9 15 95 0 59  .9 52 49 8 77  .923 21 6 15  .8 8 8 9 8 5 2 8  .90904112  .9 1 6 1 8 3 9 7
.87137538; .74651652  .54413391  .3 2 0 0 4 8 2 6  ,15560024  .0 71 45 2 50
.038 26 1 79  *02597743 *01980408  .0 16 42 5 33  ,01842714  .01369844
. 0 1 0 0 8 5 1 .0 1 5 7 0 1 1 2  .0 16 64 2 85
234
RN A69 TEMP 7.60010+02 AREA
,09021275 
.09656448 
,50661189 
.54921504 
,58013082 
.62455749 
.6223901 8 
,,.59990108
.08365101 
,10384409 
.50483973 
.57155070 
.57992375 
.61941026 
.60777818 
.59733542
,08955271
,11414456
.48535356
,57546422
.57229245
.61788291
.60273177
.60739235
5.03010-01 
,08858023 
.10285183 
.49659603 
.57830156 
.57300950 
.61406436 
.60204424
.09405176
,12151306>
.49333750
.58003139
.59656057
.61471894,
,59652277
,09640143 
.2 8823956 
, 52499271 
.57828638 
,61048692 
.61018307 
,60394037
R N  A70 t e m p  7.22010+02 A R E A
.03206750
,01898899
.24951804
.08507105
.77350069
,74197666
.17104449
,16720490
.02349502 
.04321616 
^2115 3 5 4 3  
.08661408 
, .78690383 
.63466232 
.16731282 
.17138166
.02526262
.16670524
.15905705
.08994174
.77558754
*49763819
.17451662
.18276579
3.03410-01
.03061048
,30383765
,10651671
.10292157
.77507299
,35426651
,15995157
,02582897
.30061866
.08265080
.25103034
.78747963
.25673883
.16363077
*01513744
,26666385
.07893702
.59498779
.78268749
.19644286
.17093847
R N  A7 1 T E M P  7 . 8  50» +
. 0 6 8 6 8  6 2 8  
. 0 4 1 3 3  6 9 9  
. 1 3 9 6 9 3 1 2  
. 0 4 4 3 9 9 7 5  
. 8 1 3 8 6 0 3 0  
. 5 1 0 2 0 9 5 2  
. 0 2 1 5 5 9 4 1  
. 0 1 8 2 2 1 9 1
. 0 5 8 3 9 2 3 9 ,  
.0 5 1 6 0 7  07 
. 1 2 1 2 4 0 1 2  
.0 3 7 8  5 1 5 7  
.7 79 42 6 4 4  
. 3 6 1 9 0 0 5 6  
. 0 1 38 6 5 3 2  
.0 I 69 6 3 8 1
02 A R E A  
.0 6 6 4 6 9 1 1  
, 1 1 1 7 5 6 6 9  
. 09 5 4 3 1  5.2 
. 0-^4'6'i 1 2 4  
. 6 8 3 8 7 8 8 3  
. 2 3 4 9 7 9 4 6  
0 1 3 3 5 7 0 9  
. 0 2 1 0 4 1 0 7
2 . 02 6» - 0 1 
. 0 6 2 0 7 9 5 7  
. 1 8 2 3 9 6 7 7  
# 0 6 8 8 0 6 6 3  
. 0 4 3 3 0 8 1 3  
. 6 2 4 5 5 1 5 2  
. 1 2 4 5 4 3 7 0  
. 0 1 0 2 9 0 2 0
. 0 5 5 1 2 1 3 2  
. 1 7 5 6 4 6 9  0 
. 0 5 2 1 8 3 3 4  
. 1 8 8 6 4 4 4 8  
. 6 2 4 7 0 9 9 0  
. 0 7 2 9 3 5 3 0 ,  
#0 1 1 8 5 6 9 9
0 4 3 1 7 9 0 1  
1 4 7 5 8 8 4 0  
0 4 0 4 1 6 0 2  
5 9 3 3 8 4 3 9  
5 9 8 6 7 8 0 3  
Ù 3 8 4 3 3 3 5  
0 19 5 6 4 6 6
R N  A 7 2 T E M P  7 . 7 5 0»  +
. 0 3 0 1 1 8 8 9  
. 1 2 5 3 9 7 9 0  
. 0 9 4 8 5 1 6 9  
. 0 4 6 9 2 4 9 2  
. 0 6 4 3 4 7 2 4  
.0 3 4 2 8  52 6 
. 0 1 0 7 2 4 6 0  
#0 1 3 3  631 1
0 2 9 3 3 3 3 3  
1 1 2 6 0 3 4 8  
0 7 8 4 3 0 7 8  
0 40 4 7 3 0  7 
0 5 8 1 7 0 8 4  
0 2 6 4 6 7 0 3  
0 1 2 9 4 5 9 8  
0 0 9 7 8 8 3 0
02 A R E A  
. 0 3 5 5 7 0 4 7  
. 1 2 4 3 3 7 4 1  
. 0 7 0 4 2 1 8 0  
. 0 4 4 7 9 6 6 3  
. 0 5 5 1 8 7 6 9  
. 0 2 0 7 8 5 1 7  
. 0 1 2 4 5 9 9 4  
. 0 1 6 5 7 2 5 3
6 . 4 9  7» - 0 2  
. 2 3 6 7 2 1 0 1  
. 1 2 8 4 7 0 5 9  
. 0 5 8 Q 1 6 6 4  
. 0 4 4 7 9 6 7 0  
.0 4 2 1 2 9 3 1  
. 0 1 4 5 9 0 6 6  
. 0 0 9 9 9 3 1 9
1 8 8 4 4 6 3 4  
1 1 8 4 5 6 6 7  
0 5 8 0 5 9 3 2  
0 4 8 9 7 3 1 2  
0 4 8 8 1 6 3 2  
0 1 8 8 8 1 7 2  
0 0 6 7 1 7 8 2
. 1 4 4 5 4 4 1 4  
. 0 9 9 5 7 6 1 9  
. 0 5 1 7 1 9 6 2  
.0 5 5 2 9  581 
. 0 4 5 9 7 8 9 2  
. 0 1 8 0 0 3 3 9  
. 0 1 5 5 9 6 5 3
235
R N  A73 TEMP 7.85010+02 AREA 5.69810-Û2 
.06274980 .06379321 .06707046 .06675395 .05635916 .04375585
.04126202 .04830364 .08336393 ,11885231 ,10890834 .09259775
.09187227 ,06623737 .05449074 ,03769604 .03111945 .02709407
.03022043 .02850635 ,03480303 .03735185 .05436247 .10948880
.14063077 .12587518 ,10064637 ,08458883 ,09060252 .08407958
,06547054 .04150815 .03127590 .01971103 .01427876 ,01006553
.00451303 .00537292 .00749785 .00090759 .00229872 ,00921941
.00409794 .00663899 .01031511
R N  A74 TB&IP 6.80QIO+02 AREA 6.83110-01
-.00448814-.01141667".00331949".00437925 .02239098 .04170026 
.02729257 ,06360352 .06110876 ,09020187 .12997829 .41650467
.70516624 .75704683 .70015916 .73544900 .71647306 .75818323
.76679950 .80092485 .79637387 .81424052 .81536748 .80559974
.81549964 .82098931 .80784347 .82510209 .83913108 .86949611
.85701065 ,87098084 .88842908 .85840278 .84599832 .85128008
.84605726 .86119050 ,81561099 .84970002 .85278777 .83902837
,85925050 .84217655 ,81297785
R N  A75 TEMP 6.70010+02 A R E A  3,58310-01 
.08011791 .07272161 .04419238 .04731894 .04640697 .04480670
,05109327 .05552295 ,15954286 .29785343 .31529097 .27762829
.25835038 ,20995832 .15527454 .10738666 .09091655 .08679789
,07217137 .07912412 .08163338 ,11230273 .29324209 .70756410
.93041913 .95609673 .97087748 .97621187 .97339617 .97721452
.96150089 .89947921 .73651085 .52713631 .33480054 .20341904
.16305308 ,14005403 .13472270 .13571907 .13257769 .13087513
,13569118 .13593313 .13457066
R N  A 7 6  TEMP 7.00010+02 A R E A  2.43710-01 
.07748546 .03789053 .02637045 .02805234 .02997456 .03035852
,03236176 .02640052 ,06932571 .11630115 .13848359 .11731780
.11962547 .09080921 .07428826 ,04718508 .03656335 ,03538245
.01689047'.02031337 .01289088 ,03039004 .20014807 .67930240 
.98121470 .99481050 .93739634 .89633424 ,90389024 ,89536773
.79269104 .59501854 .37080362 .19097454 .09302426 .03332345
.01151547 .00618753 .00305054 .00275890 ,00581042-,00578788
-.00524707-.00561784-.00621622
R N  A77 M E  TEMP 6.90010+02 AR E A  1,40810-01 
.13577647 .13091990 .12424736 .12429938 .12055841 ,11106855
.11396889 .10268588 .10624166 .10159617 .10928467 .10221188
.09563001 ,08467899 .08468106 ,08587019 .08512997 ,08556208
.06700479 ,07692147 ,07898618 .08227703 .13575005 .30547648
.41545387 .39540699 ,33228415 .30252630 .29575215 .29396290
.24480776 .17785656 .11676422 .07403451 .05821992 ,04523591
,04442954 .03987559 .03165999 .03717517 .03630658 ,03212680
.03244677 ,02960750 .02875796
236
RN A78 temp 6,90010+02 AREA 2.16010-01
,14581628
.10977371
.11746939.06872286
.75216906
.52360793
.03409709
.02237708
m  RB) A79-.05203312"
-,01390754 .56251763 .58645598 .62915825 
,68579135 
,67539535 .65376127
.144612350
.10164514
.09314688
,07104747
.73568789,36936996
,03246508.02049750
.12542321
,12058941.09097965.07898618
.66426921.23574949
.02952561
.02530700
.12429938 
.14237055 
.08391117 . .08479572 . 
.61325361 . 
.13078344 . 
,02875815 .
.12273717
14065342
07883514
1999637761118012
07806762
02336562
.11760200
.12360506
.07871711
.54573888
.61347440
.04423067
.02547988
TEMP 7.73310+02 A R E A  5.21810-01 
■,05610172-.04632187-.04918862-,02 882511-.0212 6867 
.00987733 .01534692 ,02732239 ,09514629 .33358592
.57957874 .57328478 .57468886 .54736208 .58560094
.61271714 .61341481 .62186539 .61490975 .62778469
.62963077 ,63535978 .63430914 .65541056 .68005093.68463567 .66411839 .65284214 ,6667910? .67078587.66277326 ,66193483 .66094824 .68070692 ,67186862
,66112188 ,62594758
R N  A80 T E M P  7.10010+02 A R E A
.05941309
-.00624915
.16226976
.03481327
,922615891.0006880
.13241739.08646380
.04301917
.00775369.12774400
.02541483.94786957
,95213133.10926762
.08896504
.01196892 
.10422031 
.07803113 .04442975 
.95252682 
.82276565 
.09400405 
.11132419
3.25110-01
,00049321-
.22887741
,05002494.07694628
.97083972
.60089110
.09353102
.00519153".22525643
,02785808
.28201493
.98267333
.37273139
,08011361
.01807080
,17775899
.01753311
.71390579
.98519154
,21367375
.09667453
R N  A82 TE&ÎP 7.20010+02 A R E A  1.25410-01 
,03992206 .04039289 .02664958 .03845874 .03306204 .02923747
,02422243 .04086772 .04001035 .04041863 .04753123 .03815729
.03541907 ,03743639 .04208695 .05297190 .04066884 .03345516 
.03783933 >03349564 .03025279 .05388921 .12387666 .35367405
,50357900 .48456583 .42345889 .39180797 ,39298984 .38534327
.33381239 ,24648514 ,16355992 .08912055 .06329334 .04312343
.03235611 ,03165165 .01902487 .02188090 .02131802 ,02821954
.01541512 .01402429 ,03402023
R N  A83 TEMP 7,18010. 
.05775812 .06656501 
,04552803 .05585802 
.05354822 .04955568 .04747718 .04869020 
.73892021 .71512927 .57618064 .45397500 
.05125491 .04294728 
,02522907 .03185031
+02 B AREA 
.04560732 . 
,07283755 . .05120474 . 
.05275901 . 
,66919925 . 
.30458408 . 
.03074566 . 
,03682578
1.98510-01
04868197
07090702
06368390
07808894
62924188
17600513
03505110
,04990769
.07520795.05671447
,18829911
.64441941
,10144561
.02540909
,04167600
.06168497
.04206809
.534i0732
.64098688
.06373970
.03650816
RN A8 1 TEMP 7.445,0
.0 542816 4 
.00703335 
.06638467 
. 0 1249028- 
1 . 1 000000 
.92007397 
. 02315981 
. 0041 1 185-
03642553 
0 1 59 1246 
06256920 
00269675 
.1000000 
72066962 
02108354 
00570433
+02 AREA 
.0 0443 792 
.04855354 
.03180531 
00070318 
.0447482 
46236151 
00669918 
0 1 3 1 6  66 6
1
2 . 6 4 3 » -01 
. 00969847 
. 1 002 71 73 
. 02322584 
.01872059 
1 . 00 7261 0 
.24674665 
.00550692-
01175339-.0 052 3944
.10447131 
.02133455 
.22171563 
1 . 0268027 
.11741618 
.000 172 13
.07624221 
.010529 32 
.778 79613 
1.0209292 
.05641551 
. 00 7169 78
237
R N  A85 TEMP 8.76Q10+O2 AREA 3.27010-01 
.01969348 .02019701 .01665417 .01894019 .01791992 .01755277
,01417745 .02118958 .01487900 .01564818 .02106398 .11123324
.36842543 .55320866 .60351142 .62332279 .62273250 ,64075328
.65089026 .66279474 .66419916 .67229528 .66820705 .66112699
.65523684 .63911519 .58160390 .49393952 .41005749 .33165463
.25747944 .19546992 .16790466 .16541318 .16439391 .16577545
.16100221 .15614129 .14870061 .14995605 .13787524 .12905046
.12295492 .10831983 .09371083
R N  A86 TEMP 8.75010+02 A R E A  4.35810-01 
.02838627 .03023580 .02570790 .03009557 .02942989 ,02668376
.03232873 .03553124 .03177401 .02499181 .04227739 .20735401
.55136756 ,65491062 .67052434 .66313685 .66308684 .64937256.63637315 .62315053 .62586486 .62165831 .62250784 .62786928
.63610356 .64673739 .66447437 .67901087 .67977125 .65467477
.58950955 .47631650 .41515625 .39610605 .39286851 .39136931
.37506077 .35360380 .32850705 .32411262 .32053212 .30730232
.28852525 .25669095 .22816474
R N  A 8 7  TEMP 8.60010+02 AREA 4.60210-01 
.03845133 .04259889 .03882005 .03842609 .03895204 .04580672
,05396694 .06122328 .05583599 ,04812137 .06630692 .22187425
.49553868 .57360443 .56654572 .57318328 .56837003 .57291361
,57113912 .57095871 .57517179 .57167535 .56949348 .57699505.57807363 .58923183 .59250609 .61184925 .62715195 .64352547.64028937 .60293269 .56495926 .54079313 .53930175 ,54190727.52019633 .49232045 .47579424 .46331000 .44265791 .44265120
.42433029 .38494098 .34546722
R N  A 8 8  TEMP 8,60010+02 A R E A  3.80210-01 .09094337 .09084370 .09123928 .09563914 .09064215 .08172473
.09062993 .08646981 .08610906 .08584084 .09172890 .19741234
.43600890 .57775173 .60684004 .62387749 .61947655 .62680538.63295963 .63954211 ,64144965 ,64378654 .64528015 .64714800.64421891 .62760703 .59106075 .54306229 .47726658 .41048480
.33560826 .27543968 .25171608 .24717706 .23876999 ,23786982.24452000 .23855410 .21632976 .22423866 .22720234 .20991316
.20859793 .19138229 .18590430
238
R N  A 89 TEMP 8.50010+02 AREA 6.46410-02 
.02285836 .01719710 .00560546 .00286333 .00397806 .00637436
.00998644 .01513429 .02450883 .03260985 .03487781 .03677103
.03897073 .04312507 .05067766 .04176393 .02535202 .02361469
.03412874 ,05236132 .06906438 .07517382 .08550193 ,14240326
.17794920 .18035417 .17130434 .15388602 .14161713 .13340938
.12243731 .10313717 .08412888 .06620567 .05845167 .04999801
.04106545 .03943585 .03413111 .03266986 .03011271 .02640889
.02470371 .02030034 .02055657
R N  A9Q TEMP 8.40010+02 A R E A  3.83110-01 
.02814209 ,03576804 .03821589 .04051083 .04323816 .03701978
.04399777 .04275114 .04201778 .03997682 .05249466 ,19803482
.46622965 .52159107 ,51989487 .52223116 .52560214 .52485757
.52310420 ,52209489 .52274659 .52726685 .52719288 .53035320
.53238554 .54646806 .55423652 .55970509 .56219893 .55323270
.50966287 ,44269859 .39869889 .37947707 ,37655330 .36671071
,36335185 .33914202 .32115032 .31825958 ,33363004 .30838923
.29860667 .27064119 ,25578469
R N  A91 (TEMP 8.58010+02 A R E A  1,57910-01 •
,00960513 .03329068 .02250252 .01930935 .02009433 .02583612
.03195393 .03777202 .05110365 .06575479 .06827027 .06858248
.06978564 .07380824 .08060731 .07095884 .05521727 .05048081
.05927298 .08194901 .10113326 ,11386150 .17764461 .34525802
.43936525 ,45126039 .44384020 .42759213 .42059385 .41886449
.40344494 .35913432 ,28879221 .20880448 .14472405 ,10102566
.07396274 .06208934 ,05469577 .05009706 .04577676 ,04243145
.04211500 .07220869 .07502895
R N  A 92 TEMP 8.00010+02 AREA 3.33310-01
.03294074 .03244022 .03389810 .04019999 .04086394 .04234310
.05015373 .05230410 .05135551 .05157131 .06266303 .18336522
.35201887 .39935815 .40389245 .40713511 .40601631 .40105707
.39702623 .39980693 .40099583 .40196810 .40223137 .40576519
.40627337 .41289204 .41612715 ,43169527 .43919010 .44986145
.45392082 ,44513533 .42599764 .40736518 .39582369 .38569617
.38355106 .36151126 ,34623709 ,33626082 .33615934 .32172178
.31484210 .29126226 .27036767
R N  A93 TEMP 8.45010+02 AREA 1.99010-01 
.03017479 .02075653 .00459018 .00297860 .00500929 .00809134
.01437358 .02197477 .03720949 .05426475 .05670531 .06371126
.06848361 ,07611840 .08353381 .07847084 .06069228 .06057718
,07451098 ,10298539 .12885510 ,14404403 .20088167 .33067245
.39361697 ,40998412 .43096576 .44298106 .44997810 .45740733
.47011499 .47402306 .45453336 .40205773 .32542199 .24956226
.19627291 ,17016207 .15435034 .14637149 .14258055 .13849409
.13737896 .13419228 .13179430
239
R N  A94 TEMP 7.80010+02 AREA 2.56510-01 
.01050510 .01499005 .02165040 .02547036 ,03374423 .03889186 
,05955123 .06923456 .08043762..08659628 .13193489 .21547231 
.24201694 ,22166232 .21430313 .22395603 .22168864 .22719697
.22884345 .23723979 .24127826 .24018734 .24802013 .25681429.26156856 .26777404 .27521902 ,28971548 ,29730934 .31280021
.32003875 .33533472 .34303777 ,34196430 .33955095 .33655730
,34448720 .34714062 .34415057 .34383667 ,34907273 .35352833
.35603362 ,34511586 .33609539
R N  A95 T E M P  8.75010+02 AREA 2.3 6910-01
.04918649 .05028920 .02664942 .01318885 .01156625 .01354032
,02007657 .02697892 .05854603 .10037764 ,10383004 .09889806.10011513 .09589467 .09318984 .09110598 .09015961 .09216549
.10687099 ,14223094 .17977772 .20222196 .26500517 .37854430
.41513323 .42196015 ,43640718 .44620824 ,44780470 *45181460,46674690 .49093515 .52014283 .53579062 .49862072 .40046816
,29444716 ,22340389 .19001936 ;17259800 .15518213 .15348725
,15021961 .14777442 ,13980082
R N  AlOO TEMP 8.70010+02 A  RE A 3.31410-01
.01230775 ,01173956 ,01426340 .02308430 .01913417 .01891406,01955533 ,02144341 ,01787100 .02460715 ,03405973 ,12393133
.33251898 ,48128766 ,53370170 .56164133 .68018944 ,61615043.64760330 ,65817225 ,66984349 .68259920 .66874310 ,66693089
,64837829 .60304953 .53421580 .46263544 ,38635354 ,33153680
.28185121 .21559579 .20117693 ,19433128 .21116939 .21109311
.20543979 ,19842052 .18951680 ,19612450 .18002850 ,17930093
.17103943 ,15131870 ,13940274
R N  AlOl TEMP 9.23010+02 AREA 9.75610-02-.10000000 ,02212695 ,02123544-,00102623 .01590886 ,02180513
.02468432 .02774415 .03933756 .05335805 .04833126 ,05803188
.04703022 .04876817 .06715537 .05141204 .04595311 .05401666.04851252 .04799763 .05908305 ,05942545 ,09314931 ,18923770
.25650207 ,26755249 .24268203 .21523979 .21229763 .20449856
.19007906 .16494595 .13298583 .10908954 .09677171 ,08866875
,07724312 .07403768 .07091239 ,07576690 ,07727723 ,07655887
.07228348 i  .06883125 .06945493 "6.
240
R N  A l 02 TEMP 8.89010+02 AREA 4.48410-01
.00493304-,0021Q097-.00862001 .00240552 .00500273 .00266480 -.00197846 .00549804-,00237103 .00825250 ,01402989 ,20417202 
.52965201 ,64474824 ,63497273 .61220873 ,62598344 ,63113560
,62778021 .62169727 .62939278 ,64599856 .65382391 ,66448711
.67920717 .68028515 .67812005 ,65646402 .63417166 ,58524188 
.54311830 ,45136669 .42189671 .43555069 .47059421 .47150529
,46327912 ,43227252 .41860218 ,42000292 .41367035 ,42038442
.39143631 ,35788538 .32286513
R N  A103 TEMP 9.32010+02 A R E A  1.15410-01
-.10000000-,01862637 ,01991448 ,03183352 ,02977540 .02669928 
.02213291 ,02361922 .06289001 .09892033 .08678111 .08398182,05054927 .03034561 ,03101206 .04003439 .04525279 .05863588
,05405364 ,02520216 ,04330338 ,03447966 .11552355 .35945980
.49471336 ,49161952 ,42946806 ,36462091 .34432830 .33124638
.29551003 ,22630886 ,15157663 .09141937 .04460119 ,02281650
.01028432 .00849439 ,00003673 J0066057l .00383019 ,00688747
-.00798093-.00642243-,00156222
R N  A104 TEMP 9.03010+02 A R E A  5,12610-01 
.00318053 ,00065839-,00472233 .00373700 .00031692 ,00163868 
.00634418 .00463101 .00535248 ,00882062 ,02769780 ,23484482
.56606497 ,62871263 ,60650166 ,59099105 .59955811 .61206304,60293886 ,61011170 ,61288574 .61984800 ,61879888 ,63843971
,63636366 ,65438030 .65836087 .65246078 .67229589 .67753936
.67028987 ,62805539 .61218996 ,62514709 .65370384 .65391273.63373816 .62642140 ,61421925 .61743160 ,59657835 .60463202
.60246710 .55846160 .61740696
R N  A105 T E M P  9.38010+02 A R E A  1.99910-01
-.10000000-,00894019 .03147016 .02366471 ,03590673 .01086335 
,01532811 ,03101745 ,09926642 ,19992307 ,19887195 ,15750725
.13696325 .10724694 .06720930 ,07646857 .09665673 ,09481241
.08435594 .07317930 .07322204 .05283575 .19599733 ,56448214
.77677611 .76934073 .70682343 .63555702 .61140894 ,59086082
.53179151 ,42560860 .29234697 .17684788 .08745620 ,03526892.01128768 ,00084702-,00884941-,00256108-,00919430 ,00289986 
-,00091512-,00652563 ,00271532
R N  A106 TEMP 9.23010+02 AREA 3.40710-01 .00690556-,00494480-,00116167 .00613885 ,00921129 .01777316 .02419967 .02783629 .02296848 .03809765 .06015667 .20412602
,35287903 ,33626214 .29434615 ,28805762 .29073071 ,30116471
.30131006 ,31370030 .32580837 ,35680704 .36299841 ,37090253
.39419947 ,39376498 .39957230 .40888841 ,43743759 ,45533891
.48072949 .49997376 .48210033 ,46909116 .47050821 ,45991167
.46140401 ,45825876 .46723355 .46430050 ,45969281 ,47638334
.46093443 .48255196 .48267219
241
RN Al07 TEMP 9.72010+02 AREA 2.77610-01- .10000000- .10000,000- .10000000- .10000000- .10000000- .10000000- .1 
-.10000000-.10000000 .15774350 .57959978 .58274591 .45075570 
.34004404 .16615449 .02430407-.00252959 .05143289 .07540080
.05797211 .02345897 .03603401 .04869052 .31352937 ,78521395
.96514988 .95653643 .97083414 ,96419278 .94098112 .92110658
.89620802 .84142028 .70046958 .48370655 .27054444 .11623783
.03492466 .00836690-.QQ976210 .00198402-.00404587 .01063335 
.00975128 .01333090 .01717989
RN A112 TEMP 8.8OQ10+Q2 /REA 2.45210-01 
.01277909 .01203920 .01250917-.00100046 .00285605 .01846895 
.01767045 .01563874 ,02432841 .02373317 .01825579 .05228279
.18895587 .29687276 .37175315 .44092735 .46413746 .49786041
.50862322 .53477818 .53185603 .50590436 .49187102 ,45878089
,43498988 .38521026 .34541775 .31503445 .27033814 .24123961
.21821795 .16385643 .15336769 .16235525 .17145556 .17495451
.15301592 ,15515840 .15112326 .16194522 ,17541859 .16060296
.14161620 .12816237 .10055160 '
RN A113 TEMP 9.02010+02 AR.EA 1.10810-01 .
.04862909 .05964851 ,04522162 ,03070988 .04159856 .03787574
.04627234 .04611524 .05015814 ,06507703 .08979527 .05849322
.07556960 .06877532 .06298075 .05471460 .05929206 .05725318
.07536752 .07283403 .10539583 .11802347 .12077382 .16488459
.17627323 .17787474 ,17582500 .16680386 .15941124 ,15671622
.15540063 .14441671 ,13196807 .12535984 .13092618 .11546760
.11480321 .10701215 .10975196 .11596931 .10866523 .12893903
.12545421 .11476866 .11997092
RN A114 TEMP 8.60Û10+02 AREA 3.98110-01 
.02484521 .03056765 .02817246 .01518453 .02846444 .03698954
,03467324 ,04137472 .03781180 .03617650 .05329561 ,16040466
.44976591 .56535182 .58191897 .59361890 .58793 910 .57735107
.56191591 .55793843 .55757467 .54931048 ,56127190 .54648755
.56948772 .56166823 .56518913 .57260917 .54492729 .51797710
,49271789 .39569853 .37258872 .38198868 .40093098 .41623714
,39728341 .36108227 .35162457 .35297147 .34912571 .35431906
.33595700 .29075411 .26422629
RN A115 TEMP 9.02010+02 AREA 1.87110-01 
,03417119 .05000456 .04799811 .03211904 .04019225 .04197667
.05042396 .04749634 .05980652 .08585873 .11120225 ,10634444
.08460774 .08027171 .09877545 .07335409 ,04363829 ,03212148
.05973922 ,07680459 .12110381 .13583325 ,16984768 .37011390
.53680144 ,55077081 ,51309229 .45371705 ,42043519 ,38004028
.34964219 .30179869 ,22958624 .18305155 .15246460 .12837442
,14448779 .13581284 .14250965 .14845325 ,15256843 .15906507
.15496046 .13831021 .14294035
242
RN All6 TEMP 8,75010+0 2 AREA 4.30710-01
-.00058963 .00205413 .00530446-,0Q103514 .00576723 .00708320 
.01027192 .01709884 .01792374 .00894406 .02552109 .15948706
.44518924 .56029544 ,58351313 .58606499 .58088269 .57159543
.53233218 .54238229 .53701133 .52471616 .53127614 .52839872
.53812615 .53317141 ,55644065 ,54967090 .55347787 .56081179
.55899059 ,52413199 .61604681 .51429914 ,53795281 ,53325125
.51994413 .48789886 .48586176 .46003724 .46402789 ,47047469
.46448394 .43467785 .36473035
RN All7 ESI TEMP 9,12010+02 AREA 2.38610-01 
-.02094087 ,01303336 .02826579 .02602125 .03773452 ,02508138
.02708697 .01912850 .04662810 .11111967 ,13498464 .10474905
.08788125 .06888345 .05431359 ,04448850 ,02744741 .03843951
.05541743 .07914292 ,11049237 .11524390 ,20107682 .58032777
.83489834 ,84335548 .80551528 .74510701 ,71441750 .67372064
,63354968 .52798575 .41475112 .29231892 .19517765 .13106355
,09123119 .06905493 ,06999848 ,07123447 .07756899 .08689362
,09565301 .09306676 .09888242
RN A118 TEMP 8.65010+02 AREA 3.64110-01 
.02246295 ,00714017 .01399049 .01150Q98 .01760052 .03855788
,04460032 .05895103 ,07496693 .07508681 .10540533 .21518310
.36615465 .39356072 ,41021657 ,40775667 ,40205061 .39327351
.37539478 .37837956 ,38988910 ,38318667 ,39784769 .38750320
.40851105 .40959099 ,41138520 .41299764 .42152154 .44079495
.46661635 .47728529 .46734381 ,47256019 .46644115 .46523389
.45205440 .45455909 .47635219 ,45827362 .46317342 .45078158
.45435145 ,44616351 .45388278
RN All9 TEMP 9,38010+02 AREA 3.48610-01
-.04222118 .01725056 .02797358 .01010465 .00238451-.00045897
-.00575025 ,00463552 ,16248343 .44052338 .46877726 ,37359927
.29922538 .18805801 ,09253764 ,04443452 .04559170 ,03467685
,04583901 .07062232 ,11338321 .14195731 ,31423462 .76405836
.95073272 ,97130273 ,98439780 .97132147 ,94105017 .90356923
.91263167 ,90205127 ,87691506 ,75142066 .49553150 ,27737618
.12514281 ,05239700 .02542913 ,02022830 .02222135 ,03507047
,03183687 ,03689055 ,04304143
RN A124 TEMP 9.37010+02 AREA 4.51510-01
-.10000000 .01556901 .01029380 .0109570? .01552208 .03330835
.05381223 .06216670 .07481040 .09416165 .14209494 .30002759
.43821145 ,44753035 .43519194 .45385718 ,45372215 ,45744784
.44697821 ,46621550 .47998596 ,48543471 .47928483 .47939735
.48562854 .49792113 .50606141 ,51966505 .54867680 ,58243024
,59481417 .58704383 .59365857 ,58414100 .59254374 .57332772
.58028950 ,58641847 ,59234457 .59837520 .60737864 .59833520
,61990769 ,61579042 ,61975310
RN A125 TEMPO.62010+02 AREA 3,72410-01 
,03301123 .03810030 ,01196690 .03098044 .00849100 .02536759
.00679585 ,03962203 ,14126154 ,34108838 .36878281 .29464661
.23554842 ,19635382 ,11080649 ,11289174 .15825782 ,14933466
.14822063 .14886001 ,17163380 .19106088 .36730539 ,67942096
.83035466 .82670146 .83934805 .83449509 ,83908000 ,81855591
,83564158 ,84377714 ,86878751 .86128276 .76883686 ,58637673
.37852121 ,22454121 .14654931 ,09662583 ,08660956 ,06496637
.06211826 .05656722 ,06820533
R N  Al26 TE-.10000000-, -.10000000-, 
.45881499 . 
.72270569 . 
.77541114 . 
,39233149 , 
.08551398 . 
,02140455 .
M P  1.00010+03 AREA 
lüOÜOOOO-,10000000- 
10000000- . 10000000- 
73033432 .77735455 
72333376 .73454001 
79992363 .77975821 
23929795 .17256123 
07765064 .07487824 
00524789 ,00608097
3.30910-01.10000000- .10000000-
.78042495
.72876504
.74757925
.12510577
,06777771
.10000000-.10000000
.76504091
.74269291
,66565806
.10253854
,05877039
,10000000
,01670387 .
,73741443
,76878133
,54189777
,09015407
,04845756
RN A127 TEMP 9.85010+02 AREA 1,96110-01
-.10000000-,00456917 .33677009 ,56948584 .52424435 ,55047253
,47923319 .44817139 .39742499 .35799026 .28036886 .17993350
.06986470-,06979576-,10000000-,03186986 .26810769 .34972480 
,31198486 .20400519 ,12491599 .05772252 .14114907 .57148241
.87978693 .83870333 .66724954 ,47673433 ,39730827 ,33360109
.23959537 ,10866330-,02091377-.1QOOOOOO-,100QOOOO-.10000000 -,10000000-,10000000-.10000000-,10000000-,.10000000-,10000000  
-,10000000-,10000000-,1ÛOOOOQO
R N  A128 TEMP 9.60010+02 A R E A  2.25010-01
- .1 9 0 0 0 0 0 0 - ,1 0 0 0 0 0 0 0 - ,1 0 0 0 0 0 0 0 - ,1 0 0 0 0 0 0 0 - .1 0 0 0 0 0 0 0 - ,1 0 0 0 0 0 0 0
-.IQOOOOQO-.IOÔOOQOO-,10000000-,10000000-,lOOOOOOO-.lOOOOOOO 
,31632687 ,47354024 ,47433848 .47358014 ,48068141 .47734879
.45525745 ,44995433 .46015602 ,44933813 .46313111 ,46143473
.46775551 ,48952988 .50571658 .52586513 .54181684 ,53473798
,46968981 .36005771 .27544948 .22323035 .21882548 .22097024
,18307114 .15759844 .15165271 ,14701188 ,13876233 ,13224864
.10173268 .06518520 .01729479
R N  A 1 2 9  TEMP 9.82010+02; AR E A  1,67010-01
-.04843513 .04237558 ,08704967 .13343289 .12805217 .14211472
.14046763 .13969068 .14120019 .14793987 .13602496 .09428531
.07174354 ,0 2 9 4 9 7 0 9-,01337531 .03161041 ,11800961 .14678236 
.12401432 .10728022 .08638512 .05528624 .16622379 .51127713
,75210029 .75608224 .69626153 .62079738 ,58128105 ,55299434
.50432879 ,40325692 ,27422048 ,11198152-,02532432-.10000000 
-.10000000-,10000000-,10000000-,lOOOOOOO-.lOOOOOOO-,10000000 -.10000000-,1 0 0 0 0 0 0 0 -,1 0 0 0 0 0 0 0
R N  A l 30 TEMP 9.90010+02 AREA 3.75810-01
-.10000000-,lOOOOOOO-.lOOOOOOO-,10000000-,10000000-,10000000-.l 
-.10000000-,10000000-,lOOOOOOO-.lOOOOOOO-,10000000-,05469455 
.38869511 .54735536 .58366825 .58210502 .58030437 .55828405
.53772842 ,53115789 .53819856 .52306146 .52229895 .53825052
.55543738 .56988602 ,57460191 ,57303718 .60661238 ,64451142
.62844235 .59079063 .56396397 ,54006287 ,55169518 ,54740360
.51540227 . 4 8 # 3 5 2 3  .43013730 .46707373 .45317100 .45251762
.43583138 ,37790604 ,31020905
R N  A l 31 TEMP 9.87010+02 AREA 3,55610-01
.13966006 .25207187 .35707855 ,36947992 ,36431387 .35834911
.33676856 .34089497 .35151800 .40219560 ,38480502 .32927506
;25961019 ,14595842 ,08262110 .13599373 .26331497 .29775312
.27911472 .25998500 .22884279 ,19311044 ,34118361 .75066069
.99206344 ,97728106 ,95035790 ,91059095 .89266993 .86214558
,81476200 ,73022548 ,59129796 .39112680 ,17471567-,00814430
-.lOOOOOOO-.lOOOOOOO-,lOOOOOOO-.lOOOOOOO-,lOOOOOOO-.lOOOOOOO 
-,10000000-.1O O O Q O Q Q - .10000000
24 4
VO
<NJ
I—I
CM
++
O  '8  "T
I
A 1 I A I 8 8 I W 3
SPECTRAL EMISSIVITY OF CO/CO.
245
en o  g  ^o  en o  o00 VO r4
o  o  oOJ rHI>
X 8  ” s " 3  ' o '
o
00
(D
'4
OJ
o
iMz
AJ.ÎAÎSSÎW3
SPECTRAL EMISSIVITY OF CO/COq
246
r4
Ocr>
♦ *
§M
z
3  ' P' * 3  '
A Z I A I 8 S I W 3
SPECTRAL EMISSIVITY OF CO/COg
( .
43
 :. Lüiii
247
i CMi ^ (T- o3 o#
o
1 l>-o- o df oov-1
! C— mVO[- c- r\cn
» Wo aS
CMO o&
K)
a V 3  '
A 1 I A I S S I W 3
SPECTRAL.EMISSIVITY OF CO/CQ.
248
CD
or
i
CM O
I 8 9  " 3  '
O
id
CD
(0
'4
(U
o
Ü
z
A1IAI8SIW3
SPECTRAL EMISSIVITY OF CO/CO, FIG. 45
f '-'/V:; ' T'' ' ' - TTYIT^.TT..,
AJLIAI8SIW3
249
(M "1orH
<T> .
♦ ♦
» 9 99 o
M
r
os
SPECTRAL EMISSIVITY OF CO/COq FIG, 45
250
C
z
(L
i! CT* K\ o VOirv lA m VO K\i t> VO
VO o- ■«id- VOr4 o> o1 l>- CJ m O1 VO tA
CMa w OJ o O: « o a
I »S P #o
Î  K
 ^ § oM
/X
A X I i^ X S S I ! aO
SPECTRAL EMISSIVITY OF CO/CO^ FIG. 4 7
251
rs x} ^  o-LTv
■>5j-m
"d"rH C\J »H CO |f\ VO
*
O  '3  '»p9
00
(0
4
(U
M
z
AJ.IAI8SIW3
SPECTRAL EMISSIVITY OF CO/CO,
252
K)
r-4VO CO K\M 1-4 O kO00 iH rn «3
LT\ ir\ VJD(—1 <MCO '?}- t-4 00VJD
a C\J ON o Ph O OM
_
GP@
Ii
AXîAïsaiwa
SPECTRAL EMISSIVITY OF CO/CO, FIG. 49
253
i
eu
(c en
1
fH
r\ in O  m  * oo  rHr4
iMz
8 9 17 '
AJ.IAI8SIW3
SPECTRAL EMISSIVITY OF CO/CO. FIG. 5 0
2 5 A
CM O O  O  O  CM r4
❖ OK)
0)
? Qo(—5
Z
(U
o
s i?' ' O
AJ.IAISSIW3
SPECTRAL EMISSIVITY OF CO/CO. FIG. 5 1
255
ŒI (£I §
D - b T \ o
o d o
s M
I T S o
M D o o
s 1 - 4
C\JnJ O  O
a  &
I 8  ' 3  ”
O
id
00
CO
CO
;  IÜWz
cu
o
A±IAIS8IW3
SPECTRAL EMISSIVITY OF CO/COg FIG. 52
256
K\ en
o
CVJ
■«*
T 8
A±IAISSIW3
SPECTRAL EMISSIVITY OF CO/CO. ^  53
257
CM
CM
O  '
it—Iz
AJ.IAISSIW3
SPECTRAL EMISSIVITY OF CO/CO, FIG. 5 4
258
m
^  5G) ru m  o  VOr—t
CVJcd O  O
s  «  «
§wZ
AJLIAISSIW3
SPECTRAL EMISSIVITY OF CO/CO.
259
o
I—î
o
CM O  O
il il
T 8 F
O  
10
CD
ü
{=~j
CU
O
A1IAIS8IW3
SPECTRAL EMISSIVITY OF CO/CO.
260
VO
t—I
OS
CVJ
■ 5 -<-
O  'T 8
O
id
0)
(D
OJ
ÎëME
AJ.IAI88IW3
SPECTRAL EMISSIVITY OF CO/CQ, 57
261
r-4
O
(V
T 8  "
iHZ
AJ.IAI8SIW3
SPECTRAL EMISSIVITY OF CO/CQg
v!i./.- -A'
ÀXIAISSIW3
262
«—4 «—1 rHr4
K\ lf\ OC\J • OOJ (HrH r\
OJ
p
IHE
SPECTRAL EMISSIVITY OF CO/COq
2  6 3
to t> o
r-t
■=d- C> 
rH rHr—1 rH
ITS cn ir\ o^ » o
rH '*?{* rH
cv
7
8  'I
o
K)
00
(0
OJ
o
(0
M
z
Ai.IAI8SIW3
SPECTRAL EMIS SI V IT Y  OF.CO/CO F i ^  6 0
264
o oI—I r—)
LTVr» •
T
O
(d
00
CO
1 0  '' gM
z
(U
o
A J . I A I S S X W 3
SPECTRAL EMISSIVITY OF COZgPo
265
CMO
r-J
O
rH
rH
CM
■fr
T 3  '
O  
K)
CO
CO
'4
; IÜ("Hz
cu
AJLIAI88IW3
SPKCTRAL EMISSIVITY OF CO/CO. 62
266
m
OJ
OS
rH
♦+ o
id
CO
4
(0
OJ
o
ÜH
£
8  ' P  ' 3  ' O  '
A X I A I S S I W 3
SPECTRAL EMISSIVITY OF CO/CO^
267
VO O  en en
rH
en
CM
❖ Oid
'St
(U
o
'4
8  " 1T ' 3  ' O  "
A1IAI88IW3
SPECTRAL EMISSIVITY OF CO/CO, FIG. 64
I F W W F ^
K\ K\r\ o  • ,.iiH rH CT' ÔrH VO
K\ m  K\m
I— !iH
rH vi- CJH O(f\ rr\ VO
Cvl
o
id
œ
o
8  ' O  "
AJ.IAI88IW3
26S
SPECTRAL EMISS IV I TY  O F CO/CO.
â a ..
269
VO
H
** *
T 8 r
o
K)
00
(0
01
AJLIAIS8IW3
SPECTRAL EMISSIVITY OF CO/CO,
C  (E
00 K\ tpi MO, <\l K\ <3 MO t nî r4 CM (Hr4
■ VO m VOi MOr - t CM
rH r\
i
I CMM 0} O OP a, « ^  :
AJLIAI88IW3
270
It'4
z
8  ' 3  ' O  '
SPECTRAL EMISS I VI T Y OF  CO/CO.
:Z22-Z\
2 71
a  o w  M m »  cv VO m
c-
VO 0 ‘ Cvl (\i t—i
»
AXIAISeiWD
SPECTRAL EMISSIVITY OF CO/COp FIG. 68
272
oin rH
O
o
CSJ
l
(U
0)
o
(0
00
(J
(0
cJ
(J
(U
(U
§t-4
AJLIAI8SIW3
SPECTRAL EMISSIVITY OF CO/CO^ FIG. 69
273
10
CC (C
tr\ O  
t> VO
o
o
T 8  ^ 9  '
(Ü
0)
o
COcO
CO
z
(Ü
cu
CÜ
A ± I A I S 8 I W 3
FIG. 70SPECTRAL EMISSIVITY OF CO/CO,
274
8  ' p  ' 3  "
A Z I A I 8 S I W 3
C*- t>. ^  Lf\
tr\ I>r OJ OOLrt a  • •cvl irxtr\ VO
cvlcd o  o
a  ^  «
++ + + cucd
o
(d
00eu
co
(U
eu
cueu
(0îM
z
FIG. 7 1SPECTRAL EMISSIVITY OF CO/CO.
A1IAISSIW3
3  '
LT\
0)
(Ô
o3
cu
(U 
(U
o
275
Ow
SPECTRAL EMISSIVITY OF CO/COp
    "  .
276
v4CD
CC
8
(C
I
VO
cu
pI o
I
M
E
A 1 I A I S 8 I W 3
SPECTRAL EMISSIVITY OF CO/COp PIG. 7  3
277
(0
K\ VOcys o VO C Ai m fH1 o-
C M l A VOVO VO [ A! LT\[- (A
( MS M «3 O C$P4 o a  & «
T 8  '
(U
(0
o]
(0iw
3:
(U
(U
A_LIAISSH/^3
SPECTRAL EMISSIVITY OF CO/CO, FIG. 74
278
C  <L
Z
CVJ
I 8  ' O8
(U
(0(D Z
 ^ Qw  &:oî-"3
E
A X Î A Ï S S Ï W 3
FIG. 75SPECTRAL EMISSIVITY OF CO/COp
C - X
279
©
([
rH
mVO
8  ' a  ' 1^ '
A1IAI88IW3
O
0Î
(0
(J
M
z
(U
(U
Oi
O  '
SPECTRAL EMISSIVITY OF CO/COg FIG. 7 5
^ L. — . . .
- i -  ■
'î 'r. ' “.v %\fT ' '’-■.i’'
2 80
v4
N
d  d
(\j
r~i
8  ' '
AJ.IAI8SIW3
-3» "
0%
o
o{
00eu
(0
(U
eu
cu
(U
co
w
z
SPECTRAL EMISSIVITY OF CO/COp ™- 77
281
m
ITS
CiJ
•fr ■fr (U
oco
cu
toeu
(J
cu
eu
H
z
8 8 17 ' 3  " O
AJLIAIS8IW3
SPECTRAL EMISSIVITY OF CO/GO,
2 ® 2
^  cn
VO
❖'>
93 O9 yI 8 8
O
CU
01 
(U
z
E
AJLIAXSSXW3
SPECTRAL EMISSIVITY OF CO/CO.
283
VO
CVJ
*
8  ' ir '
AXÎAISS1W3
o
(U
(Ù
(d
§t"=4
SPECTRAL EMISSIVITY OF CO/CO. Fig- 8 0
284
r4 OrH
M l
AJLIAI88IW3
SPECTRAL EMISSIVITY OF CO/CO FIG
28 5
CNi
I 9 O  '
(U
(0
o
0)
CO
OJ
(0
o]
(U
01 
(U
A1IAI8SIW3
SPECTRAL EMISSIVITY OF CO/CO.
“ •v-'.
A 1 I A I 8 8 I W 3
2 8 6
-H
O
■> *
T 8 r
(U 
0)
CO
cu
(0 ^  
o] §ÜM
OJ
OJ
OJ
SPECTRAL EMISSIVITY OF CO/CO.
287
r-4
m
I— I
CU
(0
o
CO
00cu
cu
cu cu
o
AJ-1 A I  8 8 1 N 3
SPECTRAL EMISSIVITY OF CO/CO.
298
r4
VO m  Om  « O(H ^  rHrH
O
+ + +
ü
z
8  " 9  ' 3  '
A1IAÏ88IW3
SPECTRAL EMISSIVITY OF CO/CO, FIG. 8 5
289
r4 cr>
ITS
rH
OJ
8  '
Q
ME
AXIAXSSXW3
SPECTRAL EMISSIVITY OF CO/CO,
290
ifi (T\ fno  • •r—) I—i CT> OM  K\ kO
LTV m
M  Th m  or-1 K \  to , VOrH
CV
❖
(U
0)
o
CO
(U
:|M
OJ
cu cu
8  " O  "
A J-Ï A Ï SSI |a!3
SPECTRAL EMISSIVITY OF CO/CO^ F IG .  8 7
291
r4
r-4
❖
T 8 8  ' O  '3  '
AJLIAI88IW3
SPECTRAL EMISSIVITY OF CO/COp
29 2
iH LTVC\JiH
OJ
A ± I A I S 8 I W 3
FIGSPECTRAL EMISSIVITY OF CO/CO,
f t .* y"  '•■•V -• / r:"" ■“
293
IR S  "tOJ VO cr»r-4 VO
OJ
•fr
l—!
T 8  ' 8  ' y
A±IAI88IW3
SPECTRAL EMISSIVITY OF CO/COp
/ .r' - .y/ y  y y; \/ V  V y. y:;;;!-'::';
294
APPENDIX 6.
Suggestions for Further Research
The present work has shown that the method and apparatus developed 
allow gas emissivities'to be measured easily at high temperatures and 
pressures- Further detailed measurements on the present gas system are 
recommended, including the effect of adding a diluent non-radiating gas such 
as nitrogen to allow the effects of gas partial pressure to be studied.
The hydrocarbon gases and ammonia could also be considered- 
Water vapour could be investigated if sapphire windows were used.
Higher temperatures could be used when suitable window materials - and 
seals - become available. Higher pressures depend only on the cold window 
and this can be made thicker using presently available materials.
The effect of test cell wall material should be considered as it 
influences the CO/CO^ reaction Cl, ^4].
Continued development of the window seal should enable better data 
to be obtained at the higher pressures in particular.
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APPENDIX 8
In this appendix the conversions between the 8.1. system of units, 
as used in the thesis, and the engineering units,still in use at this time
in the U.K. are given. To facilitate the pressure and stress conversions
the actual values used in the text are compared for both S y s t e m s  .
Thickness = 16 S.W.G. = 1.625 mm
Torque = 271 N  m = 27.7 kg m = 200 lb ft-
Frequency = Hz - cycles/sec.
Pressure and stress
Pa = pascall = N/ra^
.1 psi = 6.895 X 10^ Pa 
1 in wg. - 249 Pa
Hence
0.66 Pa = 0.005 mm Hg 
500 Pa = 2 in wg.
2.28 MPa = 550 psia
5 . 4 5
3 . 7 3
3 . 9
4.66
5.18
6.9 
. 7.6 
3 6 . 5
42
448
= 500 
= 5 4 0  
= 5 7 0
= 673 
= 7 3 0
= 1000
= 1100
= 5300
= 6100
= 65 000 psia
l4 kPa - 2 psia 
70 kPa = 10 psia
40 GPa = 5«8 X 10^ psia 
71.6 GPa = 10.5 "
75.8 " = 11 "
248 " = 56 "
;$44 " =50 ' " - '“ti
34.5 kPa = 5 psia
103 kPa = 15 psia
207 kPa = 30 psia
690 kPa = 100 psia
